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NEW MOTOR VEHICLE EMISSION STANDARDS 
AND FUEL ECONOMY 

MONDAY, DECSMBEB 3,  1973 

HOUSE OF REPRESENTATIVES, 
SUBCOMMITTEE OX  PUBLIC  HEALTH  AND ENVIRONMENT, 

COMMITTEE ON INTERSTATI: AND FOREIGN COMMERCE, 
Washington^ D.C. 

The subconinuttpc met at 2 p.m., pursuant to notice, in room 2322, 
Kaylmrn House Office Building, Hon. Paul G. Rogers, chairman, 
presiding. 

Mr. ROGERS. The subcommittee will come to order, please. 
This aft<>rnoon and for the next 2 days this subcommittee will hear 

testimony from both administration witnesses and public witnesses on 
the several proposals to amend title II of the Clean Air Act emission 
standards for moving sources. 

The Senate Public Works Committee has developed a bill which 
would fi-eeze the bill for hydrocarbons and carbon monoxide at the 
1975 model year levels already established by EPA through model 
year 1976. A White House proposal would freeze the standards for 
all three pollutants at the 19(5 Federal interim levels through model 
year 1977 and legislation introduced by one member of this subcommit- 
tee would freeze the emission standards at the 1974 level through 
model year 1977. 

Before this subcommittee would move to amend the Clean Air Act's 
auto emission standards, we would want to carefully and cautiously 
consider the ramifications of doing so. First we must carefully weigh 
the cost to our environment of delaying implementations of the stand- 
ards against the cost to our economy of moving ahead on sohe<lule. We 
must determine if fuel economj' is adversely affected by emission con- 
trol devices or deleting fuel. 

There is undei-standable concern over the fact that the standards 
for clean air have caused some penalties in fuel consumption. Some of 
the evidence would make it appear that we may now be over the worst 
part of those penalties. It seems, for example, that catalysts will result 
in a fuel bonus to the consumer of between 6 and V^ i)ercent. 

Second, we must determine what effect amending the emission stand- 
ards will Iiave on related environmental controls such as transpor- 
tation controls. It makes little sense, I think, to amend the emission 
limitation standards without considering what the effect would be on 
other controls that affect the public. 

And third, if we determine that delaying the implementation of the 
.standards is neces.sarv in face of the energy crisis, we should also con- 
sider whether this sulKonmiittec should mandate certain performance 
standards for the automobile manufacturers so that all of us. consumer 

(1) 
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and industry, share in tlio responsibility of alleviating this Nation's 
enerfjy shortatre. 

Ivegislation that seveial of us on this subcommittee have intro- 
duced—in fact, it was introduced last September—H.R. 11018, would 
<rive the Administrator of the EPA the authority to mandate certain 
performance standards for new automobiles in order to achieve fuel 
economy wherever feasible. 

I am hopeful that the testimony we will hear during these 3 days 
of hearings will provide us and the American people with the informa- 
tion we need to make an informed decision as to whether the Clean 
Air Act's emission limitations reqtiirements must be amended in order 
to deal with the energy crisis. 

Because of the urjrency involved and the number of witnesses we 
have scheduled, I have asked each witness to limit his prepared state- 
ments to S minutes and be prepared for an extensive question and 
answer perio<l by the members of this subcommittee. 

Our first witness this afternoon is the Honorable Russell Train, the 
Administrator of the Environmental Protection Agency. 

Wo welcome you and Mr. Sansom to the committee, and will 
be pleased to receive your statements. 

STATEMENT OF HON. RUSSELL E. TRAIN, ADMINISTRATOR, EN- 
VIRONMENTAL PROTECTION AGENCY; ACCOMPANIED BY ROB- 
ERT SANSOM, ASSISTANT ADMINISTRATOR, AIR AND WATER 
PROGRAMS; AND ERIC STORK. DIRECTOR, MOBILE SOURCES 
POLLUTION CONTROL PROGRAM 

Mr. TRAIN. Thank you, Mr. Chairman. 
As you noted. I am accompanied by Mr. Robert Sansom. the assist- 

ant administrator for air and water programs, of the Environmental 
Protection Agency. 

Mr. Cliairman and members of the committee. I am pleased to 
have this opportunity to express my views on automobile emission 
standards promulgated under the provisions of the Clean Air Act. 

I fully realize that the current and projected automotive emission 
standards ai-e of particular interest to this committee, especiallj- in 
tlieligjitof the imminent shortages of gasoline. I Iwlieve it is important, 
therefore, to briefly discuss the fuel characteristics of the automotive 
omission standards. 

EPAs best judgment of tlio fuel penalty attributable to meeting 
emission control standards for the 1973 model year is 10 percent on a 
sales-weighted basis compared with uncontrolled cars. For large cars, 
the penalty is greater than 10 percent. For small cars, there has ac- 
tually been a fuel economy benefit. "We expect the overall loss in fuel 
economy to be lower, because of the accelerating trend toward the 
purchase of smaller cai"a. As cars get lighter, the percentage loss at- 
tributable to emission controls is reduced for a number of reasons. 
In tlic li174 model year, the sales-weighted fuel economy loss due to 
emission control is likely to be smaller than it was in 1973 because 
the sales of small cars appear to be growing even more. As we have 
testified Ix^fore. veliicle weight is the single most important factor 
tltat go\erns fuel ei'onomy. 

For the 1975 model year two acts of new emission standards will 
go into effect, one for California and one for the balance of the Na- 



tioii. Tlie domestic and most foreign manufacturers will meet tlie 
California standards by, among other things, the use of a catalytic 
converter. It is our understanding that General Motors and Ford also 
Avill use tins device for the larger portion of their vehicles sold 
nationwide. 

Tlie catalytic converter is an add-on device that functions in a way 
that allows two of the major automotive pollutants— unburned hy- 
drocarbons and carbon monoxide—to contuiue to oxidize after they 
leave the engine itself. It achieves this by mixing the exhaust gases 
with air in an environment that prompts completion of chemical re- 
action, changing hydrocarbons and carbon monoxide into harmless 
carbon dioxide and water. 

By achieving a higli degree of control of carbon monoxide and 
hydrocarbons, the cataylst allows manufacturers to improve fuel 
economy over 1973 and 1974 model vehicles. In testimony given before 
the Senate Public Works Committee on November .'), 1973, General 
Motors stated its 1975 model vehicle on the average would achieve 
a 13-percent fuel benefit; the other domestic manufacturers also fore- 
cast fuel economy gains in the range of 3 to 5 percent. The higher 
fuel economy levels are attributable to a number of factors, chiefly 
to the fact that tiie automotive engine can be adjusted for higher ef- 
ficiency while allowing the catalyst to achieve the air pollution re- 
ductions previously achieved by engine design modifications. 

Gasoline economy associated with achieving the statutory stand- 
ards will still be better than the 1973 and 1974 model years but will 
1)6 less than that anticipated for the 1975 model year. 

Considering the Nation's anticipated gasoline shortage and consid- 
ering the fact that diiferent emission control systems have different 
energj' requirements, there is clearly a need to provide detailed analy- 
sis of this matter. I^ecause we are now in the process of certifying 
1975-model-year vehicles and have more data becoming available 
on fuel economy characteristics of vehicle emission systems, such 
an analysis is timely. Because of the very great importance for achieve- 
ment of air quality objectives and meeting energy needs, I believe 
we should not move ahead precipitously. No decision on model year 
1976 need be made until late next spring since certification would not 
begin until next fall. I do Ijelieve it is essential that EPA, working 
with other Federal agencies, conduct an exhaustive analysis of the 
environmental and energy implications of emission reqiiirements for 
1976 and later model vehicles. This analysis can be conducted in time 
for early consideration in the next session of Congress. That would 
l)rovide ample time for full congres-sional consideration of the most 
appropriate course of action before a decision needs to be made for 
1976 model year cars. Accordingly, I strongly recommended that no 
changes he made in the automotive emission .standards at this time. 

Mr. Ciiairman. this concludes my prepared remaiks. I would be 
glad to answer any questions you or the other membere, of the commit- 
tee might have. 

I might |)oint out that we have a couple of charts that might 
illustrate, briefly, some of the points I have just made. 

Mi\ R(XJEns. I think it would be helpful to iuivc those pi-esented 
to the committee if we could at this time. 

[Testimony resumes on p. 14.] 
I The chart and supporting data referred to follow:] 



Relationship of Fuel. Economy and Emission Standards 
for Catalysts and Thermal Reactor Emission Control Systems 

The data on the attached chart comes from the research and developoanC 
group of a major oil company. In summary, it concludes: 

Catalyst systems offer Improved fuel economy over 1973 vehicles* 

- Catalyst cleans up pollutants in the exhaust, thus allowing 
calibration of engines for better fuel economy. 

* "-^bers in the chart assume the use of commercially available 
catalyst and good carburetor and ECR systems. 

' If systems are optimized for lowest initial cost instead of 
fuel economy, gains with catalyst will be reduced. 

• Fuel economy at the statutory HC and CO levels with 2.0 NOx 
will be more than 5% better than 1973 (even with 8.0:1 
compression ratio and no-lead gasoline). 

Thermal reactor systems offer no improvement in fuel economy over 1973 
vehicles at the 1975 interim level, and sharp losses at lower levels 
of emissions. 

• Thermal reactor relies on extensive heat in exhaust to bum up 
pollutant.  Ihis heat must be generated by burning more fuel. 

• Even use of higher compression ratio (10.0:1) and leaded fuel 
does not make thermal reactors as good as catalyst from a fuel 
economy standpoint. 
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LEAD:  THE FACTS 

You have heard a lot lately about the energy implications 

of removing lead from gasoline.  It is time to get the facts 

straight. 

(1) WHAT ACTIONS .HAS EPA TAKEN TO REMOVE LEAD? 

- One grade of lead-free gas 

In January of this year EPA issued regulations requiring 

that lead-free gasoline be made available by July 1, 1974. 

Lead-free gas is required to protect catalytic devices — 

a key part of 1975-76 auto emission control systems. 

- Lower lead in Leaded Gas 

On November 21, 1973, EPA issued final regulations 

requiring a 60-65% reduction in the lead content of 

gasoline by 1979.  Today's leaded gasoline constitutes 

a risk to human health and this regulation is designed 

to reduce that risk. 

(2) WILL THESE ACTIONS COST THE NATION ENERGY? 

The net effect of the regulations will be to save energy. 

Why? 

Because the new emission control system which requires 

lead-free gas will increase fuel economy so substantially that 

the energy impact of producing lead-free and low-lead gas at 

the refinery is more than offset by the fuel economy savings. 
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What are the facts? 

If we use the 1973 as the base line amd if the statutory 

emissions standards are imposed in 1976, the energy inqpact in 

1977 and 1980 will be: 

1976 Statutory Standards 
(1000 barrels per day) 

1977 

Gain in fuel economy 115.0 

Minus loss for lead free      -46 

Minus loss for low-lead       (-) 

NET BENEFIT 69.0 116.3 

The Benefit varies with the emissions standard.  For 

example: 

- If California interim standards for HC and CO were 

continued to 1977, fuel benefit would be: 

California Interim 
(1000 barrels per day) 

1977 1980 

NET BENEFIT               150.0 175.0 

But in cuiy case, over 69,000 barrels per day net energy 

savings in 1977 and over 116,000 barrels per day in 1980. 

(3)  WHAT ABOUT PUBLIC HEALTH? 

Environmental lead exposure is a major health problem which 

effects a small but significant portion of the adult population 

and up to 25% of children in urban areas.  Each year roughly 2-3 
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thousand children suffer permanent brain damage from lead 

exposure.  Lead from gasoline accounts for approximately 90% 

of airborne lead and is the only major source of lead which 

is not presently regulated.  EPA beleives strongly that lead 

from gasoline contributes to excessive blood lead levels, 

expecially in children, and must be controlled to protect the 

public health. 

(4)  WHAT WILL REMOVAL OF 60-65% OF THE LEAD IN GASOLINE MEAN 

TO THE CONSUMER? 

(a) Cost: 

The consumer will have to pay for the increased cost of 

producing and distributing lead-free gasoline.  EPA's studies 

show that this cost will be less than .4 cents per gallon or 

$13.00 for a car driven 40,000 miles. 

The cost impact of the low-lead regulation is even less. 

The price of gasoline will increase by less than .1 of a cent 

or $3.00 for a car driven 40,000 miles. 

(b) Benefit: 

The consumer will benefit from reduced maintenance on ccurs 

that do not suffer from lead damage to spark plugs, valves, 

mufflers, etc.  General Motors and Aerospace Corporation have 

estimated that the annual savings to the average car owner will 

be around $10.00. 
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If the average car owner drives 12,000 miles annually, the 

net savings will be $5.20. 

Energy; 

- The lead regulations save the nation energy.  The savings 

in 1977, depending on the emissions standard adopted, will be 

between 69 and 150 thousand barrels per day.  In 1980 the savings 

could be anywhere from 116 to 175 thousand barrels per day. 

Health: 

- Lead — is potentially harmful to the public health and 

any source that can be reduced, such as lead in gasoline 

should be controlled. 

Cost; 

- A reduction of lead in gasoline will increase the cost 

of producing gasoline but the savings from reduced 

maintenance expenditures will result in an annual saving 

to the consumer of roughly $5.20. 
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Estimate of Impact of Easing of Auto Emission Standards 

on VMT (Vehicle Miles Traveled) Reduction Needs 

to Meet Ambient Air Quality Standards 

in 1977 as required by 

Clean Air Act 

Using as an example the Washington D.C. metropolitan area, the following 
VMT reductions would be needed to meet ambient air quality standards for 
carbon monoxide and photochemical oxidants by 1977, assuming varying 
levels of emission controls for 1975 and subsequent model year cars: 

Needed VMT 
Assumption for Emission Standards Reduction 

Current Law — Federal interim emission 13Z 
standards in 1975, statutory emission 
standards in 1976 and beyond. 

Alternative I — Federal interim emission       24Z 
standards continued through 1977 model 
year. 

Alternative II — 1974 emission standards       32% 
continued through 1977 model year. 

The 13% VMT reduction currently contemplated in the Washington, D.C. area 
Implementation Plan is considered to be stringent, and will be difficult to 
achieve.  Greater levels of VMT reductions could not be achieved without 
wholesale disruption of the economic and social life of the area. Thus, 
adoption of either Alternative I or II would for all practical purposes 
make impossible the achievement of air quality standards in the Washington, 
D.C. area, with Alternative II obviously making the situation worse. 

(NOTE:  The estimate for Washington, D.C. 
can, on a rough basis, serve as a guide 
to these Impacts in other cities; needed 
increases In VMT reductions will be about 
proportional, i.e., if the current 1975 
plan calls for x% VMT reductions. 
Alternative I would require 1.85x%, 
and Alternative II 2.5x%.) 
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FIGURE 4 
CHANGE IN FUEL ECONOMY 

BETWEEN '57-'67 AVE. AND 73 BY INERTIA WEIGHT CLASS 
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Causes of Fuel Economy Losses on Automobiles 

Fuel economy of automobiles is affected by many factors. Gasoline-powered 
cars ID 1974 exhibit fuel economy variations over a range of 4 to It i.e., 
from about 29 mpg to about 7 mpg. The following table identifies the most 
inportant design factors that govern fuel economy: 

Factor Fuel Bconomy Impact 

Vehicle weight is the most Important 
factor.  1974 vehicles range from 2000 
lbs to over 5500 lbs.  Vehicle weight 
has Increased by about 20Z since 1962. 

Fuel economy is directly proportional 
to weight, I.e., a 5000 lb car takes 
twice as much fuel per mile as a 2500 
car.  About half of fuel economy loss 
since 1962 la due to vehicle weight. 

Air conditioning uses fuel both through 
use, and through added weight. 

9X-20Z fuel economy loss when 
operating, depending on temperature 
and humidity, and on design features. 

Automatic transmissions require more 
fuel, for weight reasons and because 
of Internal losses. 

Losses range from 2X to 15Z, depending 
on the type of transmission. 

Compression ratio reduction to permit 
operation on 91 octane gas. 

3.5Z fuel economy loss. 

Emission controls on 1973/74 cars have 
varying impacts, depending on vehicle 
weight. 

On small cars (compacts and sub- 
compacts) there is a slight gain in 
fuel economy; on large cars there 
have been losses ranging up to 18Z. 
Sales-weighted average loss for all 
cars is about lOZ. 

Enisaion controls on 1975 cars, to meet 
Che Federal Interim standards, will be 
largely catalytic and will Improve fuel 
economy. 

Estimates of fuel economy gains vary. 
C^ estimates average gain of 132, up 
to 18Z on large cars, over 1973/74 
cars.  Ford and Chrysler estimate 
lesser gains. 
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Mr. TRAIN. I believe conies have been distributed to the committee. 
This chart, just bripfly. ilhistrates the effect on fuel economy of the 
omissions standards. The line, tlie black line through the middle, 
staiting at zero, is tiie 1073 model vehicle taken as a baseline so that 
you can sec that with the use of catalysts, thei-e is a substantial im- 
provement at 8 percent. 

Mr. SANSOM. The 1975 interim numbers at the bottom relate to the 
fii'St two sets, the fii'st two dots there on the chail, and then as you 
move ovei-, the bottom should be correlated with the black dots at the 
top. In 1075. interim standards are the 1.5 hydi-ocarbon. the 15 CO. 
and the .'5.1 XOx. 

This is tlu' line for the catalyst systems rijffht here. This is the base- 
line. 1078. fuel economy. Putting a catalyst on to meet the 1975 in- 
teiim standards to be ajjplied nationwide in 1075, as a result of the 
Administratoi"s April 197;5 decision, would result on a sales weighted 
basis of an 8-peixent improvement in fuel economy. As you move out in 
this direction, this set of dots—these two here—re"late to the California 
interim standards, which the Administrator lias also approved the 
variance lequest submitted by California. So the chart is a little off— 
this goes under these two dots, so you can see for noncatalyst systems, 
meeting the same standards using a thermal i-eactor, that you actually 
have a fuel penalty for the 1975 California standards and an increasing 
fuel i)enalty as you mo\ c down. 

I think you can sec here, as well, that as you move out even to the 
197B Federal standards, statutory standards :14 CO, 0.41 hydrocarbons, 
and 2 NOx. nitiogon oxides, that you still have a fuel economy benefit 
over the existing performance. Rut the real penalty you see is related 
to going from 2 nitiogeii oxides to 0.4 grams per mile nitrogen oxide. 
The .\dmiuistrator has submitted to you his i-econmiendation that this 
standard be retained at 2 grams i)er vehicle mile. 

Mr. R(X;KKS. In other words, not go down so you would have a pen- 
alty at the end^ 

Mr. SAXSOJI. That is right. Stick to this point here, rather than 
going down here. 

Mr. R(X!KUs. Tlien. as I undei-stand it. the to]) line shows what 
happens with a catalytic converter? 

Mr. SAXSOJI. Tliat is right. 
Mr. RocKits. The bottom line shows what hajipens without the cata- 

lytic- comertci? 
Mr. SAXSOM. Using the thermal reactor in lieu of a catalytic con- 

vei-ter. 
Mr. RociKKs. Are there any other charts now that you want the com- 

mittee to see? 
Mr. TiiAix. There is one other, I believe, under that. This chart, 

basically. I would take simply to illustrate the impact of weight on 
fuel economy. Again, the horizontal line is the average of the 57 to 67 
precontrolled cars in terms of miles per gallon, and it illustrates that 
amongst the smaller cars—those are the bhu> dots at the top there, 
the car equipped with the 107;] emission control .systems, actually have 
a fuel benefit over the earlier yeai-s' uncontrolled baseline vehicles. 
And this drops off very steeply as you move into the higher range 
of vehicle weights, up to 5,000-5,500 pounds. 
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Mr. ROGERS. What would you say is the general penalty associated 
with weight? 

Mr. TRAIN. It is certainly the predominant factor. It is—I was going 
to say 3 percent, but it is suggested to me that it is probably closer to 2 
percent per 100 jjounds, something on that order. 

Mr. ROGERS. "\VC11, is it about—I had understood, at somewhere 
around 50 percent of your loss, associated with weight, is that correct? 

Mr. SANSOM. Well, I think we have used that numi)er. If you look 
at the kinds of things you can do to improve fuel economy, what we 
are saying is—if you did away with the emission control devices on a 
sales weiglited basis, then you might move the cars fi-om 10 miles per 
gallon to maybe 11; but if you actually switched to smaller cars, you 
could move it from 10 miles per gallon to 20 miles per gallon. 

And if you go the other way, from 20 to 10, that is 50 percent. If you 
go from 10 to 20, that is 100 percent. The point being, f)iel economy 
IS much more sensitive to veiiicle weiglit than it is to emission conti'ols. 

Mr. TRAIN. I miglit make one general obsen'ation, Mr. Chairman. 
The 1975 interim standards are tliose that have been promulgated 
by the Administrator so that absent some, either further regulatory 
action or legislative action, those remain in effect without any further 
action by tjie Congress. 

The recommendation that we make at this time is that we leave this 
alone for that 1 year, 1975. period and simply postpone a decision' 
until early next year as to the subsequent years. 

In part, aside from the auto emissions aspect of the problem, I think 
it is very important tiiat Congress act as promptly as it can on the 
emergency energy legislation which is before this comimttee. And so, 
in the interest of moving ahead as rapidly as possible, with that legis- 
lation I would think it would be in the interest of that objective to 
defer mattei-s wliicli can properly be deferred until later, rather than 
trying to solve all of the possible issues in this particular emergency 
bill, which obviously is going to have to move ahead with rather short 
consideration. 

Mr. Rfx-.F.ns. And the basis of that then is because you think the, 
catalytic converter would be required for the 1975 year, the standard 
will bring a premium in mileage ? 

Mr. TRAIN. We l)elieve it definitely will provide a substantial fuel 
l)enefit. Xow, wliether all manufacturers will in fact use the catalyst 
is .somewhat open to doul)t. fieneral Motoi-s has indicated it would. 
Ford has indicated it would on a substantial number of cars. I am not 
certain alwut Chryslei-. 

Mr. ROGERS. Thnnk von. 
Mr. Satterfield ? 
Mr. SATTERFIEU). Tlumk yon, Mr. Chairman. 
Mr. Train, I tiiink your suggestion that we defer the things we can- 

not really measure rijrl»t now, is a good one. 
Mr. ROGERS. I l)elieve the subcommittee shall recess to go to vote. 

We will tlien be back to continue with Mr. Satterfield, 
The committee will recess for 5 minutes. 
fRrief recess. 1 
Mr. ROGERS. The subcommittee will come to order, please. 
Mr. Satterfield Avas questioning when we had a vote. 



16 

Mr. Satterfield. 
Mr. SATTERFreLO. Thank yo»i. Mr. Chairman. 
Mr. Train, your sujrgestion that we miffht defer the 1976 standard. 

I thinii is well taken. T would like to address my line of questions to 
the 1975 interim standards, and why the same observation would not 
pertain. 

First of all, referring to the chart, it would seem to me that the sug- 
gestion that there will be a fuel bonus to the owner of a catalytic- 
equipped automobile would certainly depend upon what happened 
after the 1975 interim standards. By the chart itself, it is obvious that 
the bonus decreases markedly if we should go ahead with the 1976 
standard. Ts that not correct ? 

Mr. TRAIN. The drop between the 1975 interim and the 1976 Fe.deral 
standard is only alx)ut from 8 to 6 percent, to I believe, 2 to 3 percent. 

Mr. SATTERFIELD. Maybe T read it wrong. It looks to me that we are 
talking  

Mr. SAXSOM. Tlie problem is the axis is a little off on the bottom. 
Mr. SATTERFIELD. I see. 
Mr. SANSOM. But the penalties associated with the .4 NO, scale- 
Mr. SATTERFIELD. But it is a fact that whatever gain you get with 

a catalytic converter comes about by more efficient operation of the 
engine; and that if you have to increase your standards beyond tJiat 
and make the engine operate less efficiently, you are going to consume 
more gasoline. 

Mr. TRAIN. That is correct. 
Mr. SATTERFIELD. Now, Ave aie talking about economy under the 1975 

interim standard in the automobile's operation, but it seems to me that 
our real purpose here today is not to talk a'bout that so much as to 
talk about the overall supply of gasoline and of fuel. 

Is it not a fact that the catalytic converter, if it is going to operate 
and function properly, has to function on nonleaded gasoline? 

Mr. TR,\IN. Yes, sir. 
Mr. SATTERFIELD. Could you tell us then what the penalty of pro- 

ducing nonleaded gasoline as opposed to leaded gasoline would be? 
Mr. TRAIN. Ixioking at the total crude picture rather than the amount 

of crude used simply to make gasoline, but the total crude picture, I 
think our largest estimate—and I say that to indicate a very conserva- 
tive estimate—would be .58 percent of total crude Avould be required for 
the production of the necessary nonleaded gas in approximately the 
fii'Styear of this requirement. 

Nowthat assumes, I believe, about a 30-percent pool of nonleaded gas, 
which I believe we are coming to feel is pi-obably much higher than 
is realistic. The one year's model car, of course, would represent about 
1214 percent of the total automobiles on the road. As we have indi- 
cated, only a proportion of these will be fitted with a catalytic con- 
verter; and we cannot really state exactly how many, but something 
certainly less than the whole, maybe amund 60 percent or something on 
that order. 

This indicates to us that a 30-percent nonleaded pool factor is exces- 
sively high, so that it undoubtedly would be something considerably 
less than .58 percent of the total pool, probably something closer to .25 
of 1 percent. 

This is more than made up by the actual fuel savings to the automo- 
bile operator from the catalyst itself; so it is not our position that there 
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is any net energy loss from the combined use of a catalyst and the re- 
quirement for a no-lead grade. 

Mr. SATTERFIELD. Now, are you talking about the first model to have 
a catalyst on it ? Is that what you are saying ? 

Mr. TRAIN. I believe I have addressed myself to that. 
Mr. SATTB2IFTELD. And that 60 percent of the new models would be 

equipped with it. 
Mr. TRAIN. Perhaps more. Now, I think General Motors has said 

about 100 percent of their cars, so perhaps closer to 70 percent would 
be more like it. 

Mr. SATTERFIEIJ). Now, could you translate the first figure you gave 
us of 5.8 percent penalty. Are you talking about  

Mr. TRAIN. That is .58 percent of 1 percent. 
Mr. SATTERFIELD. All right. 
Point five eight of 1 percent. Are you talking about the normal 

supply of gasoline, or are you talking about the projected supply? 
Mr. TR^VIN. These were 1975 projections, I would assume arrived at 

prior to the current substantial reduction in supplies. 
Mr. SATTERFIELD. And how many gallons would that .58 translate 

itself into? 
Mr. TRAIN. We have got a crude—additional crude—requirement of 

90.7 thousand barrels per day in 1975, representing a .58-percent cruder 
usage in order to produce nonleaded gas equal to about 30 percent of 
the total gasoline pool. 

Mr. SATTERFIEU). And how many gallons would that translate into ? 
Mr. SANSOM. 3.9 million gallons or one-twentieth of a gallon per car 

per day. 
Now, this is just the energy cost of the lead-free regulation. In the 

fact sheet that you have in the handout on the second page are figures 
that look at it in net terms; in other words, taking the fuel savings 
from the catalyst and deducting the fuel cost of removing lead from 
the lead-free grade of gasoline yields a net benefit in 1977, as you 
can see. 

Mr. SATTERFIEU). YOU are telling me then that if we take our avail- 
able gasoline pool now, a substantial sum of gasoline, and make it 
nonleaded gasoline, that you still expect us to have an advantage at 
the end of this coming year ? 

Mr. SANSOM. That is right, if the cataljrsts go on. 
Mr. SATTERFIELD. Do you expect that these catalysts will also be 

included in the 1976 models ? 
Mr. TRAIN. Yes. I would suppose, even if the interim standards were 

continued into 1976 roughly the same proportion of cars would carry 
the catalyst as in 1975, and if you went to the 1976 statutory standard, 
quite clearly there would be almost universal use of catalysts. 

Mr. SATTERFIELD. Jjet's assume wo do not go to the 1976. Let's as- 
sume that the 1975 standard is retained for another year. What per- 
centage of our gasoline pool would have to be diverted then for 
nonleaded gasoline? You have got a second generation of catalyst 
automobiles on the road now. It would be more than double, would 
it not? 

Mr. TRAIN. No, sir. It would be substantially less than half. It is my 
understanding that  

Mr. SATTERFIELD. May I ask half of what ? 
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Ml". TRAIX. Well, half of the first year's crude penalty. And this is 
true, as I understand it, because in the first year of the installation of 
substantial no lead refining capacity, there are inefficiencies invol%-ed 
in that near term effort which tend to get eliminated as you move for- 
ward. So that in the second and third years you get progressively less 
crude penalty from the no lead requirement. 

Mr. SATTERFIELI). Well, now, we will get back to that. 
Air. TRAIN. Our figures for 1977, for example, again assuming these 

earlier projections of crude supply drop from 90.7 thousand barrels 
per day in 197.5 to a total of 46.1 thousand barrels per day in 1977. 

Mr. SATTERKIKU). Are you predicating this loss on the number of 
automobiles that are going to be on the road, or are you allocating the 
loss in terms of how much gasoline you have got to have at all of the 
different places that you have to have it when you need it to arrive 
at this figure. Or have you taken into consideration the reserve that 
will be required if we—— 

Mr. TRAIN. I think we have tried to take into account all of these 
factoi-s, Mr. Satterfield; and this is the reason why our very conserva- 
tive estimate was on the basis of a total no lead pool in the first year 
of alx)ut 30 percent, which would be probably at least three times the 
lead-free gasoline required by cars equipped with catalysts. And this 
is designed to recognize that if you are to have a no lead grade sort 
of universally available for catalyst-equipped cars, you cannot fine 
tune it down to the actual population. There has to be some surplus. 

Mr. SATTERFIELD. And how many gallons of gasoline are burned 
each year by automobiles in this country now ? 

Mr. TRAIN. About 7 million barrels of crude per day go into gaso- 
line. Now, somebody is going to have to help me on the math. 

Mr. SArrERFiEiJ). Somebody is going to have to help me, too, because 
a few minutes ago when we said that 1^0 jjeicent translated itself into 
90,700 barrels, which was 41/2 million gallons, and your 41/2 million 
gallons, it is supposed to be ;iO percent. There is something wrong. 

Mr. SANSOM. I hate to give numbers like this; 7 million barrels, 
multiply that by roughly 50 gallons per barrel and you get the total 
gallons of 350 million; 3.50 million is what 1 get very quickly; but I 
would hate to stand by it. 

Mr. SATTERFIELU. It seems to me 30 percent is a whole lot more than 
41/^ million gallons of gasoline, which you testified to a few minutes 
ago rejiresented the 0.58 percent j)enalty. 

Mr. SANSOM. Now, the 0.58 percent is over the total crude that is 
passed through T^.S. refineries. Half of that goes into the automobile, 
whicii would mean if yon wanted the percent of the part that goes 
into tiio automobile, you would double the 0.58. So it is slightly over 
1 percent. 

Mr. SATTI':RFIEI,D. What 1 am trying to find out is how many gallons 
of gasoline arc we going to lose by going to nonleaded gas. Now, if 
you tell me there is a 30-percent penaltv, and we are burning 350 mil- 
lion gallons a day, then it looks to me like it is over 100 million gallons 
penalty. 

Mr.'SANSojr. Well, the low lead, on the assumptions Mr. Train has 
outlined, which is 30 percent of the gasoline sold in 1975 would be 
low lead • 

Mr. SATTERFIEI.D. T am talking about no lead. I am not talking about 
low lead now. 
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Mr. SANSOM. I am sorry. No lead, and tlic penalty associated witli 
producing that is 90,000 barrels a day. 

Mr. S.MTEKFiKr.D. And how many million gallons? 
Mr. SANSOM. Whatever 50 times that is. I guess it would be  
Mr. SATTERFIELD. 450. 
Mr. SANSOM. 4.5 million gallons. 
Mr. SATT1';RFI»XD. I .find it very difficult to reconcile 30 percent at 

4.5 million, but I am not going to argue that point any longer. 
Mr. SANSOM. But the point, I think, here is that there are two 

effects that have to be added in together. That is what we tried to do 
on the factsheet. AVe tried to add in the cost, the energy cost of pro- 
ducing unleaded gasoline and add to that the benefit that is displayed 
on that chart over there of having tlie catalyst system in use. 

Mr. SATTEKFiEr.D. But you cannot relate the shortage that way. You 
can't relate the gasoline loss you have by going to no lead gasoline 
with the savings in miles per gallon in tne automobile. At least you 
have not as far as I am conceined. 

Jjet's go to something different. I^et me ask you this. We are talking 
about the catalytic converter now. What is the durability of this 
device ? 

Mr. SANSOM. Well, we in our regulations have required that the de- 
vice function for 25,000 miles, which is about 2 to 3 years on a car. 
Greneral Motors has indicated that their device will last for 50,000 
miles, and I think for the life of the car, although I would rather let 
them speak for themselves on that. 

Mr. SATTERFIEIJ). In a laboratoi-y. 
Mr. SANSOM. NO; this is what they are planning to do on their 1975 

cars. 
Mr. SATTERFIELD. Mr. Chairman, are they going to be testifying on 

that? 
Mr. ROGERS. Yes. 
Mr. SATTERFIELD. I am going to ask them some questions about that 

because they testified differently in September. 
Mr. ROGERS. I hate to intcriupt the gentleman now. If we could go 

around 5 minutes and come back to the gentleman. 
Mr. SATTERFIELD. Very well. 
Mr. ROGERS. Dr. Carter. 
Mr. CARTER. Thank you, Mr. Chairman. 
I believe you state, Mr. Train, that the more a car weighs the more 

gasoline it will use proportionate!v. is tliat correct? 
Mr. TR.UN. Yes. 
Mr. CARTER. Alxjut 2 percent per 100 pounds? 
Mr. SANSOM. We have got a chart on that. If you could put the 

third chart up, it shows that. 
Mr. CARTER. Two j)ercent per 100 pounds? 
Mr. TRAIN. I think roughly that may be on the high side. I am not 

sure. 
Mr. SANSOM. There is the \ehicle weight on the bottom, on the x 

axis, and the miles per gallon. That is about rig^ht. 
Mr. CARTER. A 2,000-pound car will go 25 miles per gjillon. 
Mr. TRAIN. On the average. 
Mr. CARTER. That is pi-etty good, I would say. 
I notice that you are pretty strong, or you seem to be, for a catalytic 

converter; and you state that hydrocarbons and carbon monoxide 
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after they are emitted become carbon dioxide and water, is that 
cori-ect ? 

Mr. TRAIN. Yes. 
Mr. CARTER. Tliis is in your statement. What happens to the SO- 

which is emitted by the converter. 
Mr. TRAIN. By the catalyst ? 
Mr. CARTER. Yes, sir, by the catalytic converter. 
Mr. TRAIN. Of course the cars not equipped with the catalytic con- 

verter also emit SO2 which joins the atmospheric ambient levels of 
SO2, some of which eventually gets converted into sulfates, as I un- 
derstand it. 

Mr. CARTER. How eventually is that really ? The SO2. in case there is 
much moisture in the air, is it not quite readily converted into sul- 
furic acid mist ? 

Mr. TRAIN. It could be quite readily; yes. 
Mr. CARTER. And this is one of the dangers of the catalytic con- 

verters, is that true ? 
Mr. TRAIN. As I pointed out in tetsifyingon the catalyst, the prelim- 

inwry data indicates that there is some emission of sulfates as a result 
of the catalyst. In other words, the sulfur oxides are converted to sul- 
fates in the catalytic conversion process and onutted from the auto- 
mobile at ground level as stilfates. which is the reason for  

Mr. CART>:R. Sulfur dioxide reallv. 
Mr. TRAIN. What is that, sir? 
Mr. CARTER. Siilfur dioxide, SO2 in other words. 
Mr. SANSOM. 'Wliat he said is that the existing cars without a catalyst 

put out SO2 and over time. 4 to 8 hours in the ambient air contacting 
with moisture they become sulfates. The catalyst dramatically acceler- 
ates that process, and there are sulfates emitted from the catalyst 
itself. 

Mr. CARTER. Sulfates which become sulfuric acid mists in the pres- 
ence of moisture. 

Mr. SANSOM. Yes. sir. 
Mr. CARTER. All right. 
I believe you stated the catalytic converter has shown or will show 

a gas savings of 13 percent, is that correct ? 
Mr. TRAIN. Yes. sir. 
Mr. CARTER. TO obtain  
Mr. TRAIN. NOW. that is the high estimate given by General Motors. 
Mr. CARTER. All right, sir. 
Mr. TRAIN. Other estimates are somewhat lower, and T believe we 

acceptexl about 7 percent. 
Mr. CARTER. Seven? Some even lower than that, under 2 or 3 

l)ercent ? 
Mr. TRAIN. Some have said 2 or 3 percent, but I believe this takes 

into accomit only their catalyst-equipped cars. T am not positive of 
that fact, and you might want to ask tlieii- witiios.sps wlien they come 
before you to explain those differences. 

Mr. CARTER. ^Miat penalty do we pay for obtaining unleaded gas- 
oline in refining crude oil ? 

Mr. TRAIN. Well, according to our compiitations. there would be 
somewhere l>etwpen 0.25 ])er(ent nnd O.-'iH percent of total crude penalty 
to provide the fii-st year's supply of no-lead gasoline that the—— 
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Mr. CARTER. Of crude, 0.25 percent of crude. 
Mr. TR,\IN. And that there is, however, a net benefit because of the 

gasoline savings in tlie automobile from the use of the catalyst which 
18 made possiljie by the availability of the no-lead gas. 

Mr. CARTKR. Yes, sir. Even with the no-lead gas. then you would get 
a 13-percent increase in mileage with the catalytic converter, is that 
correct? 

Mr. TR<MN. Somewhere, up to that figure, yes. 
Mr. CARTER. Yes, sir. 
I notice you mentioned miacceptable levels of lead in the blood. 

What are acceptable levels ? 
Mr. TRAIN. I undei-stand that there is a clinical standard of 40 

milligrams  
Mr. SANSOM. Forty micrograms. 
Mr. TRtMX. That sounds more like it, 40/4.g of lead per 100 ml of 

whole blood, alx>ve which clinically observed adverse health effects, 
particularly' brain damage, are observed, so that would seem to be 
sort of clinically a threshold. 

Mr. CARTER. Could I obtain the source of your information on 
that if you please, sir? I feel certain your information is grossly 
incorrect. 

Mr. TRAIN. If I may submit that for the record, I would be very 
happy to do that. 

Mr. CARTER. All right, sir. 
[The following information was received for the record:] 

BUWD   I<EAD   lyEVELS 

1. The U.S. Public Health Service recommended in 1971 that, for older chil- 
dren and adults, until ppoven otherwise by additional research, "... a blood 
lead concentration of 40 iig or more per 100 ml of whole blood, . . . detennined 
on two separate occasions, be considered .suggestive of undue absorption of lead, 
either past or present." (1) This recommendation also establishe<l 80 itg/\QO 
ml (100 gm) as requiring immediate evaluation of as a potential poisoning 
case. 

2. This 40 /ig of lead/100 ml (100 gm) of whole blood has subsequentl.v been 
accepted as evidence of undue exposure to lead in children and adults by the 
National Academy of Sciences (2). Excretion of urinary delta aminolevulinlc 
acid (ATJA-I1) begins to increase as blood lead content rises above a level of 
40 Mg of lead/100 gm of whole blood. Such an increase in ALA-T' Is generally 
considered indicative of biochemical changes in the tissues that are undesir- 
able and physiologically significant (3). Further discussion and references 
are given in Chapters III. Health Aspects of I.*'ad Exposure, and IV. Can an 
Acceptable I^ead Body Burden l)e Defined?, in the document, "EPA's Position 
on the Health Implications of Airborne I^ead." U.S. Environmental Protection 
Agency, November 28, 1973. 

3. The level of 40 /ig/100 ml or 100 gm of blood does not represent a shan> 
demarcation between health and disease; it does, however, represent a level 
which is considered to be biomedically undesirable and cau.se for clinical con- 
cern regarding undue lead absorption. 

References for Testimony of the Administrator, EPA, before the House Sub- 
committee on Public Health and the Environment, December 3, 1913, pp. 25, 
26. 

1. "Medical Aspects of Childhood I^ad Poisoning," HSMHA Health Reports. 
86(2) : 140-143, 1071. 

2. "Airborne Lead in Perspective," report prepared by the Committee on 
Biological Effects of Atmospheric Pollutants, Division of Medical Sciences, Na- 
tional Research Council, National Academy of Sciences. Wa.shington. D.C., 
1972, pp. 100-110. 

3. Airborne Lead in Perspective, op. clt., p. 110. 
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Mr. CARTER. Wlmt are acceptable lead levels in the ambient air? 
MI-. TRAIN. That is not an easy question to answer. I think by one 

way of looking at it yon would say that we would prefer to have no 
lead particles in the atmosphere, all things being equal, so that I would 
think, as in many cases, a risk-benefit equation has to be struck here, 
weighing the health impacts with the supposed social benefits of hav- 
ing lead ill automobile fuels. 

Mr. CARTER. We are setting lots of standards these days and we are 
talking a lot alwut load, about these other standards, NO,, carbon 
monoxides and hydrmarbons, and yet we say that lead is a very dan- 
gerous substance, but as yet we have no standards for lead in the 
ambient air. 

Of course, it would be a consolation, devoutly to be wished if we had 
neither carbon monoxide nor lead in the air. 

Mr. SAXSOM. We sought in our initial proposed rulemaking to re- 
duce the amount of lead in gasoline, to set it on the basis of an ambient 
standard of 2 micrograms i^er cubic meter, which is exceeded in, I 
think, well over 20 cities in the Uuited States. But our medical people 
advised us that the more straightforward approach would be to reduce 
the lead that is emitted in the air, which we also have the authority 
under the Clean Air Act to do without setting an ambient standard, 
because some people if they were right at the margin and inhaled lead 
from air in which the ambient concentration was less than 2 micro- 
grams, still might l)e pushed over the threshold. In other words, we 
could not relate a threshold health effect to the ambient air concen- 
tration of land, so rather, we took the course of reducing the lead 
emissions. 

Mr. CARTER. I find it rather ambiguous that you would set a level 
of 2 micrograms per cubic meter in the ambient air. 

Mr. SANSOM. WC didn't. 
Mr. CARTER. And go as high as 40 or e\en suggest that, and go as 

high as 40 micrograms j^er cubic meter in the human blood. 
Mr. SANSOM. We did not set that level. In fact, we withdrew* that. 
Mr. CARTER. Well, you Ijrought it up. Wiiat did you say about it ? 
Would you repeat your.self on that? I give you that liberty. 
Mr. SANSOM. Well, I wanted to [wint out that we failed in our effort 

to say there is a threshold in the ambient air at which lead becomes a 
vanguard, so we, as Mr. Train said, want to reduce all the lead in the 
ambient air. 

Mr. CARTER. Well, certainly I would like to reduce all lead in the 
blood in the human body, too. 

Thank you, Mr. Chairman. 
Mr. Roc.ERs. Thank you. 
Mr. Kyros? 
Mr. KvRos. Tiiank you. Mr. Chairman. 
Mr. Train, suppose, since we aiv talking about saving gasoline and 

we are worried a})out stocks of gasoline, that yoii took all existing pol- 
lution devices and control systems off and just tuned all engines to 
maximimi efficiencies? 

What savings would you say then would occur in gasoline, just 
assuming those factors? 

Mr. TRAIN. XOW. you are assuming that can be done. 
^Ir. KYROS. Yes: assuming that can be done. 
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Mr. TRAIN. IM nip saj- first, our very firm Iwlief is that it cannot be 
done, but if you could do it you would got rid of the 10 percent 
roujrhly on the average fuel penalty that we believe the present gen- 
eration of emission controls provides, but it is quite plain that you can- 
not just simply disconnect emission control devices on existing cars. 
It is not just a matter of having a gadget somewhere on the car that 
can be removed. The emission controls are built in to the entire auto- 
motive system and woidd involve completely rejiggering the entire 
machine. 

I know that our own engineer-scientists at Ann Arbor to satisfy 
their own scientific curiosity—I hope it was only scientific curiosity— 
endeavored to disconnect automotive emission control devices on their 
cars. To the extent they succeeded. I believe, in almost every case their 
tinkering resulted in worsened fuel economy. 

I think it is fair to say that this is not an avenue for resolving the 
energy problem. Frankly, based upon my own personal experience 
with garage mechanics around the country. I shudder at the thought 
of having all of the automobiles now on the road having to go in and 
get their automotive emission control systems adjusted in the kind of 
fashion you are talking about. I don't really think we will achieve any 
very useful result. 

Mr. K'l-Ros. What would the impact be if you did that on air 
quality? 

Mr. TRAIN. The impact on air quality would be very substantial in 
terms of increased emissions of hydrocarbons, carbon monoxide, and- 
nitrogen oxide. 

Mr. KvRos. "\Miat about transportation control ? 
Mr. TRAIX. Well, to put it briefly, T guess you could say you would 

put all the transportation controls into a cocked hat. It is an old ex- 
pression that I grew up with. I think it is still fairly descriptive. The 
transportation control strategies that we have developed for various 
communities around the country, and many communities have de- 
veloped for themselves, assumed the statutory emission cx>ntrol stand- 
ards. To the extent those standards are relaxed—and I might point 
out that even a continuation of the lOTS interim standard beyond 1976 
will have this effect—^to that extent, the transportation plans presently 
promulgated will no longer be adequate to meet the standards and in 
theory at least would call for further constraints on vehicle miles 
traveled. 

Mr. KYROS. SO in fact you feel that removal of such emission con- 
trol systems would result in a deterioration of public health. You do 
not want to pursue this avenue at all. 

Mr. TRAIN I do not think there is any question about it. That is 
the purpose for which the automotive emissions standards were set. 

Mr. KTROS. What about on new cars? Are there not other ways to 
improve fuel efficiency or economy, rather? 

How about requiring the use of radial tires? 
Does that make any difference ? 
Mr. TRAIN. Yes. Radial tires are a substantially more efficient type 

of tire in terms of fuel use. 
Do we have a figure on that ? 
Mr. SANSOM. It is about 5-percent improvement on radial tires. 
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Mr. KYROS. Five percent, that liigh ? 
Mr. SANSOM. Yes. 
Mr. KYROS. WTiat about requirinfr a phased weight reduction, for 

example, 500 pounds per year over a period of 5 years? 
What would you think of that ? 
Mr. TRAIN. There are a preat many things that arc involved here, 

and I think it is useful to mention some of them, just to keep the 
emissions aspect in perspective. 

You have mentioned the tires. Air-conditioners on automobiles in- 
volve aroiuid a 14 percent fuel penalty. The power transmission  

Mr. SANSOM. This is on the handout. It is on the last page of the 
handout that you have. 

Mr. TRAIN. The nutomatic transmission losses ranged from 2 to 15 
percent, depending upon the type of transmission. The vehicle weight 
is undoubtedly the most important single factor. The 1974 A'ehicles 
rjuige from 2,000 pounds to over 5.000, vehicle weight having i-n- 
creased about 20 percent since 1962. 

Fuel economy is directly proportional to weight, and that is to say 
a 5.000-pound car takes twice as mudh fuel per mile as a 2,500-pouna 
car. 

To follow up on the direction in which I hope perhaps your ques- 
tioning was leading, if I may anticipate, it seems to me that it is in 
these areas where we sliould first turn, to which we should firet turn 
to seek energj- savings before we start relaxing health related emis- 
sion standards. I think that is very plain. 

Mr. KYROS. Would you put in regulations requiring a pha.sed weight 
reduction over several years in the future ? 

Mr. TRAIN. I think this is something that should be looked at very 
carefully, and speaking personally, I would like to see us move in this 
direction. 

Now, whether it should be purely on the basis of weight, or whether 
we should seek a miles i)er gallon standard, for example, I think would 
be open to question. One could have a miles per gallon standard with 
an average set, leaving considerable flexibility as to how one arrived 
at that particular figure. Some vehicles, perhaps, would have more 
weight and less of something else. 

Mr. KYROS. HOW about power windows, power seats, other optional 
features in automobiles? 

Do they all require added fuel ? 
Mr. TRAIN. These, of course, all do require added fuel. I am not 

sure how significant these so-called convenience devices are, but they 
all do add up to the fuel penalty. 

Mr. KYROS. Well, do you think that it would be a greater social 
utility, perhaps, to lx)ost fuel economy by approaching these methods 
than by reducing air pollution control emission standards ? 

Mr. TRAIN. Absolutely. 
Mr. KYROS. Thank you, Mr. Train. 
Thank you, Mr. Chairman. ' 
Ml'. KooKRS. Mr. Hastings ? 
Mr. HASHNGS. Thank you, Mr. Chairman. 
Mr. Train, I am not sure T got the answer to the question that Mr. 

Satterfield put as to what is the act\ial loss in refining of no-lead 
gasoline ? 
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Now, if you do not have the figures, if you would supply them it 
would be extremely helpful. 

Mr. TRAIX. Well, we do have the figures. 
Mr. HASTINGS. Now, we talked about crude oil at one point. I am 

talking now about in the refining process of gasoline, what is the actual 
loss in that refining process? 

Mr. TRAIX. The figures I gave were for the total crude pool. Gasoline 
represents about half of that. So there could be with respect to that 
portion of crude used for the production of gasoline. «bout a—as hig^li 
as a 1-percent approximate crude penalty. 

Mr. SAXSOM. And the other thing Mr. Train pointed out is that over 
time that penalty is reduced as the refineries have the time to install 
more efficient tracking devices on their refineries. 

Mr. HASTIXOS. Now, on that point, now, is it not an EPA policy 
already, or instructions, that the oil refineries must by 1974 go to an 
unleaded gasoline in a certain amount of their production ? 

Mr. SAXSOM. That is right, but I think they  
Mr. HASTIXOS. Well, are they in a position to proceed with that at 

this point? 
We heard a lot of noise from some oil companies saying they can- 

not. We are a little, bit concerned because I thought they were imder 
that directive already. 

Mr. SAXSOM. Weil, they are. but I think there is a period here where 
they have to make the investments and design the changes in the refin- 
eries, and I think they nre doing that. And what we are siwing is  

Mr. HASTINGS. What was the date of the original order? Was it not 
by 1974? 

Mr. SAXSOM. That is right, by mid-1974. 
Mr. HASTINGS. That is not very far away, and you say they have yet 

not made the capital investments or the plans to proceed with the 
production of selling nonleaded gasoline? 

Mr. SAX.SOM. I think they have made the plans, but they had the 
choice of either using a technique that required a little bit more crude, 
or making a change in the refinery, and we did not tell them which of 
those two directions to go in, and it appears that some of them, based 
upon this model we have usexl to estimate fuel costs, have chosen to go 
without the modification in the refinery, at least in the near term, and 
use more crude in the refinery process instead. It is a tradeoff. 

Mr. HASTINGS. But the current situation shortage coidd affect fhat of 
course. 

ISfr. SAXSOM. We would hope that it accelerates the pace at which 
they make these changes in their refineries, and over time it will reduce 
the crude penalty associated with  

Mr. HASTIXOS. Ijet me ask a couple of basic questions. 
Mr. TRAIX. Could I just make one point ? 
These figures, although we like to speak with full confidence about 

them, there has l)eon a great many variants, variations in data pre- 
sented by vnrious witnesses befoi-o the committees of the Congress on 
this subject. 

Mr. HASTINGS. Well, how about before EPA ? They have all testified 
in front of you. too. I understand. 

Mr. TRAIN. Well, we iiave confidence in our figures. We have used 
outside consultants, thoroughly familiar with the petroleum industry, 
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and I believe the figures that I have given you are conservative, and I 
have tried to so indicate. I just wanted to point out as to indicate the 
wide variance in estimates. This letter from Mr. Cole, of General 
Motore, to the chairman of tlie Senate Public Works Committee, dated 
November 27, states, "We understand from a recent study by Arthur 
D. Little, Inc., that on a nationwide basis, up to 50 percent of gasoline 
production could be made ludendexi at 91 RON (research octane num- 
ber, and m RON."' 

I am not positive what that initial means. 
Mr. SAXSOM. Motor octane number. 
Mv. TRAIX. "Without a crude oil utilization penalty." 
Mr. HASTIXGS. DO you think that is an accurate figure? 
Mr. SAXSOM. I think the point is that we had this contractor develop 

a model. He has gone back over it three times. It has been under very 
hea\y attack. He continues to stand by the i-esults. There are other 
studies, like this one, that indicate we liave overestimated the crude 
l)enalty. I am sure there are even other ones that say we have under- 
(>stimated it. 

Mr. HASTINGS, (^n my second 5 minutes around, I will expand on 
this, but there are a couple of basic items I would like to get in per- 
si)ective. 

Vou are saying you do not want any changes now whatsoever. 
Mr. TRAIX. In the 1975 interim standards, right. 
Mr. HASTIXC.S. You do not want us to change in the Emergency En- 

ergy Act which the full conunittee is considering, or to consider a 
change in the Clean Air Act related to auto emissions standards. 

(^orrect ? 
Ml'. TRAIX. This is correct. 
Mr. HASTIXOK. And even if we were to accept your recommendation 

or go to the 1975 or 197fi, 1977, that still would say to manufacturers 
they must go ahead with catalytic converters? 

Am I collect under either one of those situations ? 
Mr. TBAIX. Well, the 197.') interim standard was set by EPA in the 

belief that it was a standard which could be met without the use of a 
catalytic converter on a wide basis. 

Now, despite that conclusion on JiPA's part, as you know several 
manufacturei-s have indicated an intention to use catalysts, presum- 
ably becau.se of the better engine performance. 

Mr. HA.STINGS. Well, fi>om a practical point of view, though, am I 
not correct that it will probably say they will have to jjroceed, I will 
just say practically? 

Mr. TRAIX. I think that on the basis—practically speaking, on the 
basis that you put the question in 1975 model year, you get aoout 100 
percent of General Motors cars and about (50 or 70 percent of the other 
two. Now. but you may liave a sliding off on this in the subsequent 
years. 

Mr. H.\KTix<;8. Ixit me turn that around. 
If we were to go to standards, say 1974 standards, which some people 

feel we ought to take a look at it, and catalytic converters probably 
would not bo required on those 1975 model years. 

Is that correct? 
Mr. TRAIX. Yes. 
Mr. SAXSOM. Definitely not. 
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Mr. Tii,vix. And you would get a very substantial fuel penalty. 
Mr. IL\8TiN08. AVhich may very well be a part of the argument we 

are confronted with as we try to make any change in the Clean Air 
Act, and I think, of course, we all recognize that. And then of course 
there is the leaded gasoline situation. 

Incidentally, what is the cost of conversion? I have seen figures as 
high as $40 billion, which is in contrast to the figures Mr. Cole pre- 
sented to convert, to produce that amount of unleaded gasoline by 1975. 

Mr. SANSOM. I think we have in the lead fact sheet, in the handout, 
an estimate of the cost to the consumei- of the unleaded grade, which 
is a 0.4 cent i)er gallon, or $13 for a car driven 40.000 miles. 

Now, the fact sheet goes on to point out that because lead damages 
the sparkplugs and the exhaust system and so on, that the consumer— 
we say this on top of page 4—will probably i-ealize a net monetary 
savings. 

Mr. HASTINGS. My question was to the refineries, though, the re- 
finery process. What amount of dollars would that bc^there have been 
figures, I say, as liigh as $40 billion in making the changeover, and I 
just would like to know whether they are accurate or not. 

Mr. SANSOM. AS high as how much ? 
Mr. HASTINGS. $40 billion. 
Mr. SANSOM. No, it's less than $100 million, but 1 do not have the 

figure right here. 
Mr. HASTINGS. Well, if you would supply that. 
Mr. Chairman, I have gone beyond my 5 minutes, and I relinquish 

my time. 
[The following information was received for the record.] 

UEFIKEKY INVESTMENT—I>EAU KEMOVAL  FBOM GASOLINE 

EP.\.'s l)est e^tiuiatp Is that the coiiibinwl imiract of the lend-free and low-lead 
regulations will be to increase refinery investment by less than 1 billion dollars 
by 1980. 

This estimate Is extremely soft because the model that was used to estimate 
the economic and enerjo' Impact of the lead regulations is bnsp<l on n 1970 or 1971 
refinery survey. The refinery industry has been continuously upgrading its exist- 
ing facilities and a number of the changes which the model assumed were neces- 
sary to reduce the iminct have already been made. Tlierefore. we believe that the 
$1 billion estimate may be high. 

Mr. EoGi'Jts. Mr. Preyer. 
Mr. PRKYEK. Thank you, Mr. Chairman. 
Mr. Train, I think we in earlier hearings heard a lot about the use of 

the stratified charge engine, the Honda engine, and the evidence was 
very encouraging us to liow this engine would i>erform in meeting the 
clean air standards. 

The question I would like to ask you about that engine relates to its 
fuel economy performance. 

Do you have any estimate or way of comparing the fuel economy 
performance of a stmtified charge vehicle with a comparable catalyst 
vehicle, meeting identical standards ? 

Mr. SANSOM. We have tested the Honda CVCC engine on an Impala 
at our laboratories and found that it met the standards, not the nitro- 
gen oxide standards but the statutory li)7() standards, the .1.4. .41, I 
think at roughly the fuel economy that is experienced by today's cars. 
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Now, we also hear quite frequently—and it is ver\' difficult to pin 
this down—that there is the potential in the stratified charge engine 
for achieving fuel economy benefits of up to 30 percent. I have heard 
that very recently. 

We intend to prefer to go on the basis of data we have gotten from 
tests in our laboratories, and as of right now we would say the strati- 
fied charge engine has roughly the same fuel economy as today's car. 
but that IS just one test in one car, and we think and I think our engi- 
neers believe that there is a potential for much larger fuel benefits 
from the stratified charge. 

Mr. PRETER. One of the arguments for delaying any change in the 
standards, for freezing the standards through the 1977 model year. I 
would suppose, is that it would give you a chance to develop the 
stratified cnarge engine, and you might be able to skip the generation 
of catalyst converter cars. 

Mr. TRAIN. I am not sure that the incentive would work that way. I 
think that is open to que.stion. A number feel that freezing of the level 
is going to be an incentive for staying there we arc ratlier than moving 
ahead, and I think this is undoubtedly one of the considerations to 
keep in mind. Other things being equal, progre^vely higher standards 
do give rise to a strong incentive for exploring and developing alterna- 
tive systems, power systems, and I really do believe the extent that 
we freeze these and maintain a constant level, it would act as a dis- 
incentive to that objective. 

Mr. PREYKR. That is a very good point. I would like to quote Dr. 
Johnson to the effect that if a man knows he is going to be hung in a 
fortnight, it concentrates his attention wonderfully. I think we would 
want to make sure the automobile companies' attention is concen- 
trated on cleaning up our air. 

Well, along this same line, how long would it take to retool the 
entire automobile industry to produce stratified charge engines 100 
percent? 

In other words, how far away is this? 
Mr. SANSOM. I think the 7 to 8 years for 100 percent, if they were 

to launch themselves on a program right now to put the stratified 
charge engine or the diesel, for that matter, that sort of change in 
technology, and they would have perhaps some of them in. maybe 
a million out of the 10 million by 1977, and then they would have to 
phase them in after that over the following say 4 to 5 years. 

Mr. PREYER. SO during this period yon would say that the catalytic 
converter looks like the kind of controls we would have to use. 

Mr. SAXSOM. That is right. The only other near term option is the 
thermal reactor, which has very poor fuel economy. That might be 
possible in a little nearer time frame. 

Mr. PREYER. If I could ask just one more question on a different sub- 
ject, Mr. Chairman. 

Mr. ROGERS. Certainly. 
Mr. PREYER. Mr. Hastings raised the point that some people have 

said if we .stay with the 1974 standards, then we would not even need 
the catalytic converter. There was an article in the Washington Post 
this morning which described the kind of transportation controls that 
might be necessary if we did something like that, and T wanted to ask 
vou i f it was accurate. 



29 

It quoted an EPA official who said tiiat a lot of cars would have to 
l)e kept off the roads to achieve the poal for iiealthy air in cities like 
Washington. The goal for the Waslungton area requires a 13 percent 
reduction in vehicle traffic if the Clean Air Act standards are imposed 
on 1976 model year cars, and a '24-i>ercent reduction if tlie interim 
standards for 1975 are kept intact throughout the 1977 model year. 

Is that about accurate ? 
Mr. TRAIN. That is correct for the Wasliington area. 
Mr. PREYKR. I)O you have any idea what it might be if we kept the 

1974 standards? 
Mr. TRAIN. I think there would have to be about, according to the 

data I have before me, about a ;i2 percent reduction in vehicle miles 
traveled instead of just 13 percent, almost three times as much. 

Mr. SANSOM. TO help you, generally the total reduction in tomiage of 
emissions that is necessary to achieve the standards in the Washing- 
ton, D.C. area, 70 percent of that reduction will Ije achieved by new 
cars coming into the fleet. In other words, the emission standards have 
very high leverage on the traffic reductions required to meet the 
standards. 

Mr. PREYEH. This would seem to be a pretty good argument against 
the 1974 standards. 

Thank you. 
I yield my time. 
MI-. ROOERS. Mr. Heinz ? 
Mr. HEINZ. Thank you, Mr. Chairman. 
Mr. Train, I would like to return to the question that Mr. Satterfield 

and Mr. Hastings were touching on, whicii is the fuel penalty associ- 
ated with the shift to low lead and unleaded gasoline. I am not a physi- 
cist, but I seem to recall that there is an item called the British Thermal 
Unit, and in any barrel of oil I understand there are only so many of 
them and that you cannot change the number of Btu's in a barrel of oil. 
You may make the conversion of those Btu's more efficient by the par- 
ticular kinds of mechanisms and we in fact have several ways of utiliz- 
ing them, gasoline is one, residual fuel oil is another, home heating oil 
is a third. 

When we are talking about refinery penalties, just what is it we are 
talking about when we, in order to get gasoline of a given octane, have 
to, without using lead or using low lead, what is causing the penalty 
at the refinery since the Btu's do not disappear. 

AVhat is going on at the refinery, so we understand that ? 
Mr. SANSOM. I would be the first to say I am not an expert in this 

area, but you are right. It does not di.sapi>ear but it takes more energy 
to get tiie barrel of crude tiirough the refinery and into the octane level 
that you want, so you are consuming. 

Mr. HKIXZ. They iiave to apply nioi-e heat in the cracking tower to 
get the smaller fraction. 

Ml". SANSOM. That is rigjit, and we have netted out the benefits of 
the other butane, isobutane, and so on, that are prodticed. other by 
products that are increa.sed as a result of this process. 

Mr. HEINZ. SO the penalty that you mentioned, which—the original 
figure of SyH percent, does not square witli the numbers you gave us 
later. You gave us 41^ million gallons of gasoline a day as the ipenalty 
on a Imst^ of 350 million gallons of gasoline that were use<l per day. 
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which works out to a little more than 1 i)crcent. I had a little trouble 
i-eooncilingthc .58 percent with the 1 percent plus. 

Mr. SANSOM. The ditTerenoe is that tlie .58 is overall crude that goes 
into the retiivery. The 1 percent is over half the crude that comes out 
as pasoline. So if yon look iit it solely in the automotive sector, then 
you lia ve doubled the percentage. 

Mr. HKINZ. I see. All right, do you believe that the Government 
should play any role in the development of a cleaner and more efficient 
engine? Should we require, or authorize NASA, to do some develop- 
ment work on a cleaner, more efficient engine ? 

Mr. TRAIN. I tliink the (lovernment does have a role, very definitely. 
It is a question of what that ix>le is and how big a role. The (lOvernment 
has taken its role to be one of providing incentives and encouraging, 
primarily research and development by private industry in this area 
and primarily by .se'tting regulatory standards, to create the incentives 
for developing the alternative systems. 

We have, tiirough our own research programs headquartered in 
Ann Arbor, sought to develop at least two alternative power systems, 
and not with a view that this was necessarily going to solve the prob- 
lems of automotive emisisions, but to provide an incentive for private 
ctforts. 

Mr. HEINZ. All right. 
Mr. TRAIN. Hut it has been fairly mo<lestly funded at the level of 

around $9 million a year or something on that order. 
Mr. HKINZ. I)O you feel additional funds would be helpful or nec- 

essary ? 
>rr. TRAIN. Well, as a bureaucrat. T would say that additional funds 

are always—would always be helpful. 
ifr. HKIXZ. I should not have aske^l. 
Mr. TRAIN. T did not clear that statement. 
Mr. HEINZ. All right. Returning to the refinery penalty just so that 

we do come to the conclusion. The penalty would be in the nature of 
one half to 1 percent, depending on which base you take and  

Mr. TRAIN. T think it really is a maximum. We see it that that is the 
top level, it would be something less than that. 

Mr. HEINZ. And my understanding is that if you would go to cata- 
lytic converters, that that penalty would be offset, more than offset— 
substantially more than offset—by the gains in efficiencies by using a 
catalytic converter, which comes about presumably because you do not 
])ut on, therefore you do not connect, some of the e.\isting blowback 
devices that I guess decrease automobile engine operating tempera- 
tures? Do they increase or decrease it? 

Mr. SANSOM. They decrease. 
Mr. HEINZ. They decrease ? 
Mr. TRAIN. Yes, decrease, that is right. 
Mr. SANSOM. But on your numbers, you said—double the .58 percent 

for 1975. The figure for 1977 would be .54 doubled. In other words, the 
number goes down over time because of this phenomenon we discussed 
earlier. And then as you get down to 1980, it would be .14 percent. 

Mr. HEINZ. T thank you \x)t\\, very much. Mr. Chairman, I have to 
go vote—the best 5-minute rule you could possibly have. 

Mr. HUDNUT. We are not—we are going to keep going and not re- 
cess, Mr. Chairman? 



31 

Mr. SATTERFIELD [presiding]. About 2 more minutes. 
Mr. HuDNUT. Weil I want to ask one very simple question because a 

lot of these charts and the technical language are important for the 
sophisticated people in this room, myself excluded, because there is a 
lot, frankly, I do not understand. But I do talk to the man on the 
street who feels very strongly—whether rightly or wrongly—that be- 
cause of the emission control devices on his new automobiles that he is 
buying, he is getting less gas mileage than he used to. 

I would like to ask you, first of all, whether or not you feel that 
assumi)tion of his is scientifically valid; and second, I would like to 
ask your opinion about what you would think with reference to leg- 
islation that would repeal the penalty in the Clean Air Act that now 
makes it a Federal offense for a dealer or a manufacturer to disconnect 
the emission contiol device. 

Mr. TRAIN. Well, first let me say that the average citizen is quite 
correct in his scientific judgment or his engineering judgment or his 
intuitive judgment, that he is getting less gas mileage with automobile 
emission control, assuming he is driving a large car, or one of the 
larger care. If he is driving a smaller car, at the smaller end of the 
spectrum, he should be getting better gas mileage. 

But assuming most Americans still do drive medium-sized and large 
care, I think it is a fair conclusion that he is getting poorer gas mile- 
age in his current njodel than he did precontrol. This should be sub- 
stantially eliminated, that penalty, by going to the 1975 interim stand- 
ards with the catalyst. 

On the second part of the question, I would like to ask Mr. Sansom to 
answer briefly. 

Mr. SANSOM. Yes, I think one of the ways for the nonsophisticate 
to underetand this is that we had an individual in the State of Florida 
who had an automobile and was convinced that he was getting worse 
gas mileage  

Mr. SATIT-RFIEIJ). I wonder if the gentleman would suspend at this 
point and complete his answer when we come back, we have only got 
about 5 minutes to make the vote. Tlie committee will stand in 
recess. 

[Brief recess.] 
Mr. K(xjERs. The subcommittee will come to order. 
I think Mr. Hudnut was in the process of asking questions, and get- 

ting .some answers. As I \indei-stand, he should be back shortly, and 
I will let him finish hisciuestioning. 

In the meantime. I have a question or two I would like to ask. 
Would you like to finish your answer, Mr. Sansom? 
Mr. SANSOSI. Yes. The question was twofold. One, the layman's im- 

pression is that emission devices have caused the fuel penalties. That 
is right, in layman's terms. And second, the act does have penalties 
in it for dealere who disconnect emission control devices and should 
those penalties be sustained. 

Mr. Train answei-ed tiie fii-st part, and I was to answer the second. 
And I want to link it to one event that relates to the firet as well, that 
is one of the two cases wo have under the law pending where there 
has Ijoen a violation, a dealer- disconnerting a device in the State of 
Florida. A car owner came in with liis car. and said that it was suf- 
fering from poor fuel economj'. and would the dealer di.=connect the 
emission control devices and correct it. 



It turned out that the emission control device was disconnected, but 
the fuel economy jjot worse. And I think the point of this is while the 
perception of declining fuel economy is an accurate one the cause is not 
altogether clear. 

Mr. Train tnentioned earlier that average vehicle weight has'been 
increasing, and for some makes of cars, average vehicle weight has 
gone up 500 to 800 pounds over the last 5 yc^fs- And so an individual 
might be buying the same make of car ajid suspect that the penalty is 
due to emission controls, when in reality it is due to the increasing 
weight of that same car. 

With regard to the second part of the que~stion. I think that  
iVIr. ROGERS. Now, just a minute. I sec Mr. Hudnut approaching. So 

if you will suspend one moment, we will get him in here so he can hear 
the last part of your question. 

Mr. SANSOM. I w^ish I had more to offer. 
Mr. ROGERS. Mr. Hudnut, I think you were in the midst of question- 

ing. Mr. Sansom has given us a summary of what he was saying. You 
may proceed, Mr. Sansom. 

Mr. SANSOM. In the second issue of the desirability of relieving that 
part of the legislation that has penalties in it for people, dealers, who 
disconnect emission devices; T think we would feel very strongly that 
that section of the law should be retained, and if anything, strength- 
ened to possibly go to the individual consumer as well. 

Mr. HtTDNiTT. Thank yovi, Mr. Chairman. 
Mr. ROGERS. I understand we have got another vote. First, I want to 

ask Mr. Train a question. It was mentioned earlier that there was a 
proposed amendment, which I think had been worked out with perhaps 
the Energy Office and possibly someone in the White House too, sug- 
gesting that there be a postponement of 1975 or rather an extension to 
1977. 

I think you are aware of that, and I wonder if you might like to 
clarify for the record any statement that you think would be helpful 
as far as the Agency's position. 

Mr. TRAIN. Well, I think it is clear from mv testimony, Mr. Chair- 
man, that EPA's position at this time is that there should be no action 
with respect to 1976 and 1977. that it is not necessar}', and that this 
could well be postponed, deferred until early next year, when we have 
more facts before us. 

There is no need to take those steps now; to that extent, I would guess 
that my views are at variance with the language that has been sub- 
mitted to the committee, which you have referred to. I am not aware 
of the source of that language. I am not sure whether it was the Office 
of Energy Policy or not. 

Mr. ROGERS. I am not certain of that either. 
Mr. TRAIN. But it clearly does not represent our views at this time. 
Mr. ROGERS. Yes. 
Mr. HEINZ. Would the gentleman yield for one question? 
Mr. ROGERS. Yes, certainly. 
Mr. HEINZ. Mr. Train. Avere you consulted by anybody with respect 

to the pioposal that the chairman was referring to ? Was your Agency 
consulted in advance at all ? 

Mr. TRAIN. NO, sir. 
Mr. HEINZ. Thank you, Mr. Chairman. 
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Mr. ROGERS. I presume we will hear from the people Wednesday, 
from the Energy Office and perhaps from the Advisory Council, "^e 
will go into this with them. 

Now, has your statement been cleared by the Office of Management 
and Budget for today ? 

Mr. TRAIN. I believe so. I see confirmatory' nods from my associ- 
ates. I believe that is a safe statement. 

Mr. ROGERS. Yes. 
Now, it is my understanding that New York State has done quite a 

job with an automobile, and I want to get your evaluation of it. A 
1972 Matador that has been tested by the Environmental Pr(^ection 
Agency in Ann Arbor, Mich.; it is my understanding this car has 
25,000 miles on it, and seven tests have been made. 

It performs under the 1976 standards, and it is my understanding 
that it has used current technology. And the car on an 800-mile run, 
driven, in five lengths at 60 miles per hour, got an avei-agc of 17 to 20 
miles per gallon. 

Is that about correct? Perhaps you can put something in the record 
for us, but please give us a quick comment right now. 

Mr. TR.\IN. I am going to ask Mr. Eric Stork, who is the head of 
our Office of Mobile Sources, to comment on that. 

Mr. STORK. Mr. Chairman, we have completed the tests on the Bal- 
gord car, the technology  

Mr. ROGERS. I think this is most significant, and I also want to hear 
what you are saying. 

Mr. STORK. I am sorry. Am I not si^eaking loud enough? 
We have completed the tests on the Balgord car, and the technology 

used is essentially similar to the technology that was considered at the 
suspension hearings on the 1976 standards last spring. 

The conclusion that our technical staff draws from this series of tests 
is that the approach, the dual catalyst approach, is indeed one that is 
worthy of further development. However, the tests on, this particular 
experimental car in no way change the technical data base on the basis 
of which EPA last spring concluded that meeting the 1976 standards, 
the .4 grams per mile NO, is not now technically feasible. 

Mr. RtxsERS. Although I believe this car does fall below the .4, does 
it not, in the tests? 

Mr. STORK. At 2.5,000 miles, one test was at .4, one was below, one was 
above. The catalyst sliowed very significant deterioration f i-om 0 miles. 
It was one-fourth of the standard at 0 miles. We have the test report 
available for you, if you want it. 

Mr. Rw.ERs. I think that would be helpful to have. Do you find there 
has been a sanng in mileage ? 

Mr. STORK. NO, sir. Compared to a similar 1973 American Motors 
car. there was an 11-percent loss in fuel economy for this car, which is 
not surprising because tlie car has to run rich. In terms of the average 
of the weight class in whicli the vehicle was tested, the loss was some- 
what less, but there is always a scatter of fuel economy results within 
any given weight class. 

So comparing it to a sister car. it is about 11 percent less. 
Mr. ROGERS. That is a penalty, then ? 
Mr. STORK. A {penalty, sir. 
Mr. ROGERS. But it does meet the air standards? 
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Mr. STORK. It just Iwiroly mot the standard at 25,000 miles. The 
otlier tliinp  

Mr. ROGERS. Which standard. 1967? 
Mr. STORK. Yes. sir. 
Mr. ROGERS. Wi'll. that is better than any of the others, is it not? 
Mr. STORK. NO. sir. Essentially similar results have been achieved 

with other kinds of systems, which wei-e considered at the suspension 
hearing. But all of them are far from l^einfr ready for production, 
and also suffer fuel economy penalties. 

Mr. ROGERS. Well, now what cars met 1976? I was not aware of 
that. I thoujrht even the Honda could not do that on the NO, ? 

^fr. STORK. For example—well, the Honda, the small Honda car. 
has shown the capability to me«t the 1976 standards. 

Mr. ROGERS. Even theNO,? 
Mr. STORK. Yes, sir, but not with the large Impala conversion. I 

cannot think of the company's name at the moment, a muffler com- 
pany that made the so-calle<i reverter. which is a very rich operating 
type of device, was able to meet the 1976 standai'd, but with a ver}" 
substantial fuel economy penalty. 

Mr. ROGERS. I think it would be well for us to have those tests put 
fTestimony resumes on p. 41.] 
[The information referred to follows:] 

EVALUATION OP THE NEW YORK STATE DUAL-CATALYST VEHICLE—NOVEMBER 28, 
1973 

(Test and Evaluation Branch Emission Control Technology Division Environ- 
mental Protection A(?ency) 

BACKGROUND 

Dr. William BnlRord of the New York State Department of Environmental 
Consen'atlon contactetl the Emis.sion Control Twhnology Division to request 
low mileage evaluation of a dual catalyst control concept. Testing of tlie vehi- 
cle was arranged and conducted in .Tune of 107.3. Subsequent to this evaluation 
the vehicle was retiinied to Xew York State personnel for mileage nccumula- 
tion. After compilinK approximately 2.~>.00() miles on the dual catalyst sy.<!tem. 
Dr. Halgord again brought the veliicle to the BPA Ann Arbor test facility for 
evaluation. 

ST STEM TESTER 

This dual-catalyst .system employs Gould reduction catal.vsts (model Gem. 
67) for control of oxides of nitrogen und Englehard oxidation catalysts (model 
2B) for control of hydrocariion and (•arl)«n monoxide. The re<lucti<m catalysts 
are located fonvard of the oxidation catalysts in the exhaust system. To facili- 
tate quick attainment of system ()i)erating tenii>erature and pood cold start 
emission control, two techniques are employetl. First, the distributor timing 
is modulated for cold start. During starting normal ignition timing for the 
engine is set. Immediately upon engine startup the timing is retnrdetl and 
employed for al>ont two mlnutos before switching back to the normal ignition 
setting. To nilow this timing nKKlulntion a dual point distributor system is used 
in conjunction with manual switching. Wliile manual .switching was employed 
in the prototyi)e veliicle, jiroduction vehicles would utilize an automatic timed 
solenoid. The second technique involves start-up modulation of injection air. 
During the first two minutes of operation following cold start air is injected 
nt the exhaust ports in front of the reduction catal.v.sts. This injection leads 
to oxidation both in the exhaust manifold and in tlie reduction catal.v.<rt. .Vfter 
two minutes the exliniist port nir Is sbut ofT and only normal air inje<-tion in 
front of the oxidation catalyst is employed. Agiiin. on the develo|)mental .sys- 
tem air switching is accomplislicd inan\ially but in proilnction this manual func- 
tion would also be replaced with an automatic timed solenoid. 



The system as tested employed conventional carburetlon calibrated to give a 
relatively constant carbon monoxide level of between 2 and 3 percent. Lean 
excursions of the carburetor have been minimized through careful bench calibra- 
tion. Since proper system performance depends on operation within this carbon 
monoxide band, frequent calibration based on "barometric pressure (air density) 
is required. (One planned test at the EPA was canceled due to excessively low 
barometer.) In production this sensitivity could be alleviated through the use of 
barometric pressure compensated carburetlon techniques. 

The vehicle used for tills system demonstration was a 1972 American Motors 
Matador equipped with a 304 CID eight cylinder engine and an automatic trans- 
mission. The vehicle was tested at a 3500 pound inertia weight. 

MILEAGE  ACCUMULATION   AND  VEHICLE  MAINTENANCE 

The dual catalyst system was operated by New York State personnel for 25,000 
miles over a period of about 5% months in both city-suburban and highway 
situations. It is not possible to assess the equivalency of this accumulation proce- 
dure with the current certification driving schedule. I^ad-free Amoco premium 
gasoline (as marketed in the eastern United States) was used exclusively for this 
mileage accumulation. New York State iiersonnel reported that mileage accumula- 
tion will continue. 

In general, maintenauce on the vehicle followed that recommended by Ameri- 
can Motors for its 1972 automobiles and did not s])eciflcally follow current cer- 
tification procedures. As previously noted carburetor adjustments were frequently 
made to facilitate emission testing under varying barometric conditions. 

TEST  PROGRAM 

All testing was performed in accordance with the 1975 Federal emission test 
procedure as specified in the Novemlier 15, 1972, Federal Register (and appro- 
priate subsequent modifications). Testing and vehicle operation required the use 
of unleaded gasoline. 

A total of five emission tests were run at the EPA laboratory In Ann Arbor, 
Michigan. The first was conducted in June of 1973 when the catalytic system was 
at low mileage. Early in Novenil>er of 1973 the vehicle was tested twice after 
approximately 25,(XK) miles had been accumulated on tlie system. During that 
testing starting problems attributed to i)oor choke and Inadequate driver opera- 
tion were encountered. The vehicle was returned in mid-November after a com- 
prehensive tuneup for retest. Two additional tests were run at that time. The first 
of the.se latter two tests was voided l>y a CVS operation error. 

Fuel economy for the second and third series of tests has beeu calculated using 
the carbon balance technique. For comparative purposes the 1972 Federal emission 
test procedure has al.so been used to calculate fuel economy. 

TEST   BE8ULT8 

Table I Illustrates the 1975 composite emis.slon results obtained during the 
EPA testing. Also pre.sented are fuel economy data calculated using the 1972 
Fe<leral emission test results and the carbon balance te<-linique. 

During tests No. 2 and No. 3 the vehicle stalled or false .started several times 
during the cold start. This |M)or i>erfnrmance stemmed from inadequate choking 
and driver oinration and led to relatively high hydrocarbon emissions. 

Test No. 4 after tuneup was characterized by goo<l starting performance. This 
test demonstrated emission levels near the 1976 statutory limits. 

C0NCLUBI0R8 

1. At low system mileage the New York State dual-catalyst vehicle met the 
1976 statutory levels. 

2. Excluding tests which were characterized by cold starting problems, after 
25,000 miles the dual-cataly.st system Is still operating near the 1976 statutory 
levels. 

3. Fuel economy raea.sured was 11% i)oorer than for a comparable 1973 AMC 
vehicle but only 3% poorer than for a comparable 1974 AMC vehicle. The test 
vehicle was a converted 1972 AMC vehicle, but no fuel economy data for a com- 
parable unmrKlifled 1972 AMC vehicle is available. 



TECHNICAL   ASSESSMENT 

The New York State dual-catalyst system closely parallels the type of systems 
reported by Gould and other manufacturers at the EPA hearings early this year. 
There are no significant technological differences employed by New York State 
except that the Gould catalyst utilized by New York State does not represent the 
latest generation of Gould catalysts. The vehicle did display good emission control 
for 25.000 miles of system operation as contrn.sted to the unfavorable evaluations 
reported earlier to EPA by manufacturers. 

After meeting with New York State personnel and analyzing the data presented 
in this report, the EPA technical staff still considers their previous assessment 
of the dual-catalyst approach as valid. Relatively tight control of air-fuel ratio 
is required mandating the use of advanced carburetlon with air density com- 
jiensation. Tlie latest test data as reported here indicates that after 25,000 miles 
of operation the NO, control has deteriorated and is near the statutory limit. 
Previous information available concerning the Gould system would suggest that 
rapid deterioration of NO. control after 25,000 miles would also be expected to 
occur for the New York State system. New York State personnel plan to continue 
mileage accumulation and subsequent data would be useful for verifying the de- 
terioration rate. 

While the successful demonstration of 25,000 miles of emission control at the 
1976 statutory standards Indicates the importance and potential of continuing 
research and development of the dtml-cntalyst approach, n single .successful test 
does not Indicate that the dnnl-catalyst approach Is ready for Implementation on 
new vehicle production. In his ,Tuly .SO, 1973, decl.slon the Administrator con- 
cluded that ". . . although the Gould catalyst has shown l)y far the be.st durabil- 
ity results of any (reduction) catalyst to date, more work on matching the cata- 
lyst to the engine and on improved fuel metering, accompanied by extensive dur- 
ability testing, will be required before it will be ready for widespread vehicle 
use." The data obtained through the testing of the New York State vehicle does 
not materially change the data base from which the Administrator drew his July 
30 conclusion. 

TABLE (.—NEW YORK STATE CAR. ANN AR80R EPA TESTING 

Date 
Test 
No. 

Odometer - 
mileage HC 

1975 FTP 

CO       COi NO. 

1972 
FTP 

M.P.S 

June 6,1973  I 
2 
3 
4 

2«,039 
49.035 
49.048 
49,175 

0.33 
1.02 
.68 
.37 
.41 

2.99  . 
3.37     746.5 
3.22     731.3 
1.67     751.4 
3.4     

0.11 .. 
November 1,1973  
November 2,1973  
November 23.1973  

.40 
.32 
.47 
.40 .. 

11.2 
11.4 
11.2 

Average 3,500 lb 1973 vehicle  13.9 
1973 AMC 3,S00 lb 304 CID (1 vehicle) . . 12.6 
1974 AMC 3,500 lb 304 CID (2 vehicles)  11.6 

A SECOND EVALUATION OF THE QUESTOB EMISSION CONTBOL SYSTEM— 
NOVEMBEB 1972 

(Thomas C. Austin, Test and Evaluation Branch, Division of Emission Control 
Technolog}", Environmental Protection Agency) 

BACKOBOUHD 

EPA recently performed a short evaluation of a vehicle prepared by Questor 
Automotive Products of Toledo, Ohio. The vehicle equipped with the Questor 
"Reverter" emission control system had been available only long enough for 
one 1975 Federal Test Procedure to be run. Because of the impressive emission 
levels recorded during the first EPA test (below 1976 requirements) a decision 
was made to perform a more extensive evaluation at a later date. 

Approximately 4,(XX) miles had been accumulated on the Questor vehicle since 
the first test. Total system mileage was approximately 8,000 at the beginning 
of this test series. Questor representatives claimed that all of the mileage had 
been accumulated using highly leaded fuels. A lead determination, performed by 
EPA, on a sample of fuel from the vehicle's tank Indicated a lead content of 2.5 
grams per gallon. 



VEHICLE TBBTB) 

The Questor "Reverter" emission control system was installed on a 1971 
Pontiac Catalina equip|)ed with a 400 CID V-8 engine, automatic transmission 
and air conditioning. Tlie heart of the system is a pair of non-noble reduction 
catalysts sandwiclied l>etween i)artial tliennal reactors. Carburetor calibration 
and exhaust port air injection rates are set .such that a reducing atmosphere is 
still present after the exhaust gas passes through the first partial thermal reac- 
tor stage. After tlie exhaust gas passes through the NO. catalyst, additional air 
is added to complete combustion of the HC and CO remaining. Exhaust gas re- 
circulation (EGR) is not used. 

One "reverter" Is used on each Itank of a \'-.S engine. Fignre 1 is an illustra- 
tion of a reverter attached to a cylinder head. "Limited oxidation" and "final 
oxidation" talces place in the partial thermal reactors. The "reduction zone" 
houses the expanded metal NO. catalyst. Figure 2 shows a cut-away reverter 
.system installed on a cylinder head. As can l)e seen from the picture, the con- 
struction is double walled to reduce heat loss. 

The vehicle's exhau.st system is constructed of double walled pipe. Air pump 
discharge is routed to the rear of the vehicle and iiumped into the annular cavity 
surrounding the inner exhaust pipe. The air is then heated by the hot inner 
pipe as it is pumped toward the front of the vehicle where it is removed from 
the annular cavity and injected into the partial thermal reactors at 800° F. 

Incorporated in the Questor vehicle is a sub-system to improve fuel economy 
and reducK; system teniijeratures during liigli load operation. This system, desig- 
nated "Normal Ojierating Temperature Control (N.O.T.C.)" senses botli load 
and time. When tlie vehicle is exjjosed to a higli enough load for a long enough 
Iieriod of time a i>f)rtlon of the air pump discharge is diverted to the intalte 
manifold, causing enleanment of the mixture. The system Is activated when 
two separate cliumbers are pressurized by a portion of tlie air pump discharge. 
The time required to pressurize the chaml)ers depends on the air pumi> speed 
(a function of veliicle sjieed) and the exhaust backpressure (a function of 
vehicle load). Normally at loads below those required for a 50 mph cruise the 
system will never activate because the air pump discharge cannot overcome 
the built in leakage in the chambers. Above 50 mi>h the system will only activate 
if the driver maintains a steady throttle position and does not use his brakes. 
Brake application causes one of the volumes to dump immediately. 

As adjusted on this vehicle the N.O.T.C. system would only be activated 
during expressway or highway operation in light tratfic. Activation causes a 
considerable lo&s in NO, control but good HO and CO control is maintained. 
Our previous testing of the Questor vehicle indicated that fuel economy of 
better than 15 miles per gallon could be achieved at 60 mph cruise with the 
system activated. Projierly calibrated the system would not be activated in 
heavy traflBc situations or stop and go driving. As installed on the vehicle tested, 
tlie N.O.T.C. .system was fully adjustable. A production version would use fixed 
orifices rather than adjustable valves. The system was never activated during 
the LA-4 driving cycle of the Federal Test Procedure. 

TEST PROGRAM 

The Questor vehicle was tested using the 1975 Federal Test Procedure with 
two different vehicle weights simulated. Two tests were run at a 5,000 i>ound 
test weight, the "correct" test weight for the full size Pontiac and two tests 
were run at a reduced weight of 3,000 pounds simulating a compact vehicle. 
A description of the Federal Test Procedures is enclosed   (Attachment I). 

In addition to the gaseous emission test.s, the vehicle was also tested for par- 
ticulate emissions. The particuiate testing was done by Dow Chemical of Mid- 
land, Michigan through in existing EPA contract. The Dow procedure simulates 
an air quench of the vehicle's exhaust gas by routing the exhaust into a 15% 
inch diameter tnbe where It is diluted to a 500 cfm flow. Twenty-.seven feet down- 
stream of the tailpipe samples are pulle<l from the diluted exhaust through fiber- 
gla.ss filters, millepore filters and an Anderson impactor. Only the partlculatea 
still in suspension are captured. While the Dow procedure Is not necessarily 
going to end up as a Federal Procedure, it does allow us to compare particuiate 
emission levels from different vehicles using a common procedure. 



TEST RESl'LTS 

Results are sunimnpize<l in Tal)les I mid II. Talile I lists gaseous emission 
test, results \islng the 1975 Federal Test I'rocetltire for test weiglits of both 5.000 
and 3.000 pounds. PJniissions were under the 1J170 levels during each test. H.rdro- 
oarlion control was ver.v goo<l. During the onl.v test above .03 grams per mile HC 
(KMMKtS) the vehicle did not restart well after the ten minute soak. XO, con- 
trol was quite good. A 40% reduction in test weight from 5.000 pounds to 3,000 
pounds catised a 36% re<luction in NO, levels. CO levels were much lower tlian 
normally expected from vehicles using thermal reactors to control CO. 

Fuel ec-ononi.v at 5.000 pounds test weight averaged 0.93 miles i)er gallon. This 
represents a 20% i)enalt.v compare<l to the average of all lf)75 certification proto- 
t.viies tested li.v EI'A during the spring and smnnier of 1!>72. (Corrections were 
nuide for the slight difference in test procedure.) The fuel econom.v imiirovement 
measured when the test weight was lowered to 3,000 poimds was not ver.v large 
liecause the carliuretion. engine size, and driveline were poorl.v niatche<l for 
a lighter weight apiUicntion. 

Results of the i)articulate testing are liste<l in Table II. At 00 mph stead.v state 
the particniate levels were comparable to a vehicle using 0.5 grams per gallon 
lend fuel. An EPA lead determination run on the gasoline use<l during the Questor 
testing indicated a lead level of 2.87 grams per gallon. A conventional (1070 pro- 
duction Chevrolet) run with 3.0 grams fuel emitted particniate levels over four 
times greater than the Questor vehicle. More data points will lie re<mire<l to 
lend significance to tiie results. 

CONCLUSIONS 

1. The Questor emi.ssioii control s.vstem can achieve the 1076 Federal emission 
levels at low mileage. Diirabilit.v is .vet to be demonstrate<l. 

2. The Q>iestor s.vstem causes a considerable (25%) loss in fuel econom.v in 
stop and go driving. There appears to be. however, potential for reducing this 
liennlt.v b.v modulating air injection as a function of engine load which would 
allow leaner calibration. 

3. Particniate emission levels from the Questor s.vstem apiwMir to be lower 
than those from conventional s.vstems using leaded fuels. Further testing will 
be required to verifj' the preliminary results. 

TABLE 1.—QUESTOR EMISSION CONTROL SYSTEM. 1975 FEDERAL TEST PROCEDURE 

lEmission data in grams per milel 

Test No HC CO No, M.p.g. 

i.OOO-lb test weight: 
16-0023 -  0.23 2.55 0.34 6.89 
16-0033  .01 1.98 .31 6.9« 
Average  .12 2.27 .33 6.93 

3.000-lb test weight: 
16-0029  .03 1.66 .22 7. H 
16-0034  .02 2.55 .20 7.70 
Average..  .03 2.11 .21 7.72 

TABLE 11.-PARTICULATE EMISSIONS 

|AII data in grams per mile| 

Vehicle 
Fuel 

(tfl- Ph) 
Hot start. 
1972 FTP 

60 m.p.h. 
steady state 

(Juestor 101                                               2.87 0.15 0.025 
1971 Chevrolet                     .5 .. .021 
1970 Chevrolet                    3.0 -. .110 
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('^DERAL EMISSION TESTING PHOCEDUBES FOR LIGHT l>irry VEHICLES 

The Federal procedures for emission testing of liglit duty velileles inrolres 
operating tlie vehicle on a clias.si.s dynamometer to simulate a 7.5 mile (1972 
procedure) or 11.1 mile (1975 i>rocedure) drive through an urlMin area. The cycle 
is primarily made up of stop and RO drivinR and includes .some operation at 
speeds up to 57 mph. The average vehicle si)eed is approxinmtely 20 mph. Both 
the 1972 and 1975 procedures capture the emissions generated during a "cold 
start" (]2-h<mr .soak (<t (iK" F to 8(>° F before start-up). The 1975 procedure also 
includes a "hot start" after a ten minute shut-down following the first 75 miles 
of driving. 

Vehicle exhaust is drawn through a constant volume sampler (CVS) during 
the test. The CVS dilutes the vehicle's exhaust to a known constant volume 
with make up air. A continuous sample of the diluted exhaust is pum|>ed into 
sample bags during the test. 

Analysis of the diluted exhaust collected in the .sample i)ags is used to deter- 
mine the mass of vehicle emissions i)er mile of oi)erntion (grams \WT mile). A 
flame ionization detector (FID) is used to measure unburned hydrocarbrm (HC) 
concentrations. Xon-dispersive infrared (XDIR) analyzers are used to measure 
carbon monoxide (CO) and <'art><in dioxide (CO.). A cheniilnminesi'ence (CD 
iinalyzer is used to determine oxides of nitrogen (NO,) levels. 

Tliese procedures are used for all motor vehicles designed primarily for trans- 
jiortation of property and rated at 6.000 pounds GVW or less, or designed pri- 
marily for transportation of jiersons and having a capacity of twelve ijersons or 
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less. Each new light duty vehicle sold in the United States in model years 1973 
and 1!>74 must cniit no more than 3.4 Biira HC. .39 Kliin CO and 3.0 jnan \0. when 
using tlip 1!»72 procedure. In 1075 the standards will fliange t" .41 !q>ni HC. 3.4 
Kpni CO and 3.1 KPiu N'O, nsing tlie lO".^ i>r<)ce<lnr('. In lft7G tlie standards will 
1K> .41 Kimi HC. 3.4 Kimi CO and .4 Ki)ni NO. usiiiK tlie 1975 procedure. 

Mr. RfKiF.its. Tlic second bolls have ninp. Wc will locess for 5 minutes. 
The Chiiir apologizes. 

[Brief recess.] 
Mr. S.m'KuriKiJ) | prcsidiajr]. Tiic .siihconniiittec will come to order. 
Mr. Roy. 
Mr. ROY. Thank yon, Mr. Chairman. 
I have just one question, whicli will probably betray my inability 

to follow some figures, whicli I imagine you have presented. 
If one barrel of crude oil will pioduce .50 gallons of leaded 

gasoline  
Mr. TR.\IX. Ix't uscoriect tliat record right now. 
Mr. S.\x.soM. It should be 4ii gallons. 
Mr. ROY. I had a diffeivnt figtiie. 
Mr. TR.\IX. AVe are trying to stretch the fuel supply, but I do not 

think that is probably tlie way to do it. 
Mr. ROY. Let us do it this way. then. If one barrel of crude oil will 

pi-oduce 40 gallons, to use a round figure, of leaded gasoline, how many 
gallons will it produce of nonleaded gasoline i 

Afr. SAX.SOM. I think tliat what we are saying is that 1 j^rcent 
less  

>rr. ROY. It will produce ;5i).(> gallons of nonleaded gasoline? 
Mr. S.v.v.soM. That is right. 
Now, that is in It)"."). In 1977, you would have that penalty, and in 

1!>80 you would reduce it further, Ix'causc of these impiovcments in 
the refineries. 

Mr. ROY. I thank you for you!• testimony. 
Tliat is the only question I iia\e. Mr. Chaii'uian. 
Ml'. S.\'iTKRFiEi4). Jfi-. Nelsen. 
Mr. NKL.'JKX. Thank you. Mr. Chairman. 
Just a point of information. A number of years ago. our committee 

bad a cliance to take a look at the Tx'ar engine. Have there been any 
new developments on that ? 

Ml-. TiniN. .Mr. Stork will comment on that. 
Mr. STORK. Mr. Xelsen. Air. I^ear is one of four system contractoi-s 

in om- alternative automotive power systems program, as well as 
Thermal Electron. Aerojet (leneral, and Scientific Energy Systems 
companies. 

I am really not in a position to tell you which one will be selected, 
to take the next steji bv developing a i)iototype engine because our 
technical staff'has not advised us of that. 

Mr. NKF-SKX. Thank you very much. 
No more questions. 
Mi\ S.\TT>;RFIKI,I). I have a couple of ()uestions. I want to go back 

to what we were talking about earlier, the penalty. It seems to me 
that we are. concentrating questions right now on the ])enalty of 
converting from regular gasoline to no-lead gasoline. 

I want to ask the question of whether or not there are not some 
other i)enalfies involved with respect to the use of leaded rather 
than regular gasoline. 



Now, I believe your testimony was that SO percent would be diverted 
to nonleaded pasoline. Is that correct? 

Mr. TKAIN'. That would be the upper ranjje, yes. 
Mr. SATTKRI'IELD. And that was |>redicated before this Mideast 

shortajre which now confronts us? 
Mr. TRAIN. Yes. 
Mr. SAITERFIKM). NOW that we have a lesser supply, would the same 

luunber of gallons that constituted the SO percent you referred to 
earlier would l>e converted from the lesser supply now for nonleaded 
•gasoline, or would you reduce that amoiuit? 

Mr. TRAIN. I am not sure that I would know how to answer that 
question. It seems to me that the lower amount of crude available is 
obviously jroing to lead to a substantial reduction in the amount of 
fraKolin<' refined at a lower usajje of {jasoline. Hut I would think that 
proportionally it would remain constant. That, T must say, is an off- 
hand {Hiess. 

Mr-. SA'rn-:i!KiKi,n. Well. I asked that question for two reasons. I^et 
us just confine ouiselves to one reason: Whatever the amount that 
comes out of that barrel will be at the expense of tiie rejjidar gasoline, 
will it not? In othei' words, yo'i are poiuir to have to have that much 
less regidar frasolinc for automobiles that run on leaded gasoline. 
Is that correct? 

Mr. SANSOM. A very small amo\mt. less thun a gallon a barrel. 
Mr. SATri'.RFiKi.i). Well, if we are going to divei-t SO |x>rccnt, it seems 

to me that is SO percent that is not going to be available for auto- 
mobiles that run on leaded gasoline. Is that right? 

Mr. SANSO.M. The SO percent is going to l)e available for the catalyst- 
equipjied vehicles or otlier vehicles that—you can use unleaded gas in 
noncatalyst vehicles tliat can use 91 octane gasoline. 

Mr. SAITERFIKI.I). How many vehicles, what percentage of vehicles 
do wc have today that aie going to run on gasoline with 710 lead at 
all in it? 

Mr. SANSOM. T would say half or more. All since 1972 have Invii 
built to run on 01 octane gas. 

Mr. K(XIKRR. Would the gentleman yield on that ? 
Mr. SAn-KRi'iEij). Yes; I will yield oi\ that. 
Mr. RiHiKKs. I just want to get tliat clear. I think that is a very im- 

portant factor. All of the oars since—what date-  
Mr. SANSOM. 1072. 
Mr. R(Kii:Ks [continuing]. Have l)een made to operate on 91 octane, 

which would be the same as unleaded gas. 
Mr. SANSOM. That is right. Geucial Motors cars in lOTl and siil>sc- 

quent years and other mamifwturer-s' since 1072 and subsequent years 
can use unloaded gas. 

Mr. RiHiKKs. Thank you. 
Mv. SA!-rr.iiKii:i.i) | piesidingj. AVhen you are talking about 01 octane. 

I would like to know whicli octane you are referring to. 
Mr. SANSOM. Ninety-one I'eseiiitihoctane mimber. 
Mr. SA-rrKiti'iKM). Well, there are two octane levels, are there not. one 

the lesearch octane and the other the—I do not know what the exact 
word for—motoi- o<-tane? 

Mr. SANS(>:\t. Motor octan<'. I was talking research octane. 
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Mr. SATTKUFIKIJ). T iiiKlerstaiid that, but I also uiulerstaiul that no 
low-lend pasoliiie that that I bui'n in my aiitoniobilp today is rated on 
the irasoline pump at 87 oi' 8!); mayl>e it is. 

Mr. SANSOM. T am sure it is possible to ha\e a lower octane no-lead 
grasoline. That is right. 

Mr. SATTERFIKIJ). That is not no-lead; that is low-lead. 
Mr. SANSOM. Low-lead. I^ut you can buy at the filling station—T will 

not name the l)rands—but 01-octane no-load gasoline. 
Mr. SAiTKiiFiKi.n. Ivct me ask this question, and T will be through. 

As I understand it. by adding lead to the gasoline pool you can inciease 
tlie octane. Is that not correct ? 

Mr. SANSOM. Yes. 
MI-. SA'ITKI{FIKIJ>. Are you talking about the jienulty wlien we make 

no-lend gasoline into 91-octane count out of the pool? Is that not 
correct'. 

Mr. S.WROjr. Yes. 
Mr. SArrKKFiKi.i). Now, you said in the next 2 oi- 3 yeai-s we would be 

able to produce what I wotdd a.ssume to be additional quantities of low- 
lead ga.soline because you have got more catalytic-CHjuipped auto- 
mobiles on the road, but theie is going to be a lesser penalty. 

I would like to know just what it is that we are going to be doing to 
that bairel of oil to increase the octane if we are not going to use lend 
for that purpose. 

Mr. SANSOM. T think it relates—and. again, this exceeds, certainly, 
my expertise—as to how the refinery is modified to process a barrel of 
crude, and there are changes that can be made at the refinei-y that will 
reduce the energy penalty associated with piitting a barrel of crude 
through to get some gasoline out at the other end at a given octane 
number. The model tliat was used to project these fuel penalties by our 
contractor assumed tliat over time moie of these investments were made 
in the refineries. 

Mr. S.\riT.i!FiKij). Well, it is my hope we are going to have some 
wifnes.se s  

Mr. HKINZ. Would the gentleman yield? 
I would like to  
Mr. SATTF.nFiF.1,1). I would be glad to yield at that point. 
Mr. ITF.INZ. I would like to inquire of the gentleman from EPA— 

T understan<l from your testimony that at the present time—and cor- 
rect me if T am wrong—yori can, given existing I'cfineriesand existing 
levels of lead, refine into gasoline about r)0 percent of all the crude 
oil that goes into a refinery, that is about half of what is produced 
in existing lefineries from existing lead levels can come out as gasoline. 
Were you. just to take a very clear case, to eliminate starting tomorrow 
all of the lead in gasoline, would j'ou. mider any circumstances, given 
this sauie refinery and without respect to the energy penalties at their 
refinery level, be able to produce 50 |)ercent gasoline from that refinery ? 

Mr. SANSOM. T thiidv you would be able to produce the .same amoxmt 
of gasoline. You would just have to put othei' barrels in to supply the 
energy to the refinery to produce it at the given octane level. 

Af r. IIKINZ. YOU would have to. in effect, run the  
^fr. SANSOM. So. in effect, the percentage would go down. 
Ml-. IIKINZ I continuing]. Kim the lower fractions through the crack- 

ing towei-s a .second time to, in effect, crack it a .second time. So you 

29.J72  O - 74 - 4 
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could still get the gasoline, but you would have to apply more enerpj' 
to the- refinery. So the gasoline is theie. the octane is there, if you 
want to get it out. 

And the question we are trying to get at is—now. I suppose this 
is a hypothetical question—given an existing refinery, what would be 
the energy penalty to go from existing lead levels to the no-lead levels 
at the same octane rating ? 

How much more energy- would you have to put into that refinery to 
get that no percent gasoline yield? Have you got a number that we 
coidd understand between 0 and 100 percent ? 

]Mr. SAXSojr. As I understand the situation, it takes about 4 percent 
of a barrel to put it through the refinery now, leaded. And given the 
numbers that we have been using here, that you would add in 1975 
about a jieicent to that, which would diminish over time as these other 
changes in the refinery are made, I think we may, if it is acceptable  

Ml-. HKIXZ. I thank the gentleman from Virginia for yielding. 
PerhaiJS when we hear from the American Petroleum Institute 

we could inquire further, because it would be helpful to understand 
what is going on at the refinerj' level. 

I tliank you very much. 
Mr. v'^AXsoM. If I may suggest that we might submit for the record 

a letter clarifying this, given the confusion over the number of gallons 
per barrel. 

Mr. SATTERFIKLD. We will do so. Without objection, it will be ad- 
mitted for the record. 

[The following letter was received for the n'cord :] 
U.S. E.NVIRONMENTAL PROTECTION AOENCY, 

OFFICE OP THE ADMINISTRATOR, 
Waghinfftnn, B.C., Fehruary 27, 7P7.}. 

Hon. PAUL ROGERS, 
Chairman, fiuicommittee on Public Health and Environment, Iloute of Reprc- 

xentativrx, Wnnttington, D.C. 
DEAR MR. CHAIRMAN : During EPA's recent testimony on automotive emission 

controls considerable confusion exMstcd on the fuel penalty associated with the 
introduction of low lead and no lead gasoline. This letter is intended to clarify 
tile matter which ai)i>ears on pages 19 and 20 of the official transcript. 

First, a figure of .H.5() million gallons of ga.sf)line was stated as the Nation's 
daily consumption. A more accur.ite figure would he one on a yearly hasis. This 
would he roughly 100 hillion gallons. Tlie figure is arrived at by assuming that 
on a yearly average hasis 7 million barrels of oil per day is nsed in making 
gasoline. This figure is then niultiplie<l again by 36.5 days. 

Second, confiLsion exists over a 30% figure which .Mr. Satterfleld felt was the 
gasoline penalty associated with the introduction of low lead gasoline. The 
iK)'7, numlier is in fact the amount of low lead gasoline which will he avail- 
able for consumption in 1975. We do not l)elieve there will be an energy penalty 
as.sociated with the delivery of this amount of low lead gasoline. 

Third, with respect to the crude [lenalty for no lead gasoline we estimate 
flint if will lie in the order of 1..39 billion gallons per year or slightly over one 
perc<'nt of total consumption. On an average daily ha.sis this tran.slates into 
3.S million gallons. 

1 trust this information will he helpful to the Snhcommittee. If I can be of 
further assistance plea.se let me know. 

Sincerely yours, 
HtJOH MiiUER, Lcgitilativc Specialist. 

Mr. .SATTERI-IKM). And T might inform the gentleman from Penn- 
sylvania that the .Vmerican Petroleum Institute will testify this 
afternoon. 

Mr. HF.IXZ. I thank the gentleman. 
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Mr. SATTERKIKIJ). Arc there any other members of the committee 
tliat have a question ? 

Mr. Preyer. 
Mr. PREYER. T liave one question for purposes of clarification. Mr. 

Train, in speaking of the fuel penalty for the 197:^ model year, yon say 
it is 10 percent on a sales-weiphted basis, compaied with noncontrolled 
cars. 

What is a sales-weighted basis ? 
Mr. TRAIN. That means taking into account the different weights 

of the vehicles sold. And, as I pointed out, the larger cara sold have 
a larger penalty which, although I do not think I gave the figure, 
may go up to something like 18 percent, down to a 2 or 3 percent 
jMisitive gain at the smaller end of the weight spectrum. And the aver- 
age we have arrived at simply by taking all of the different models 
at their respective weights and averaging them out. 

Mr. 1'REYKR. Thank you very much. 
Mr. CART>:R. Mr. Chairman, if the gentleman would yield on that. 
Mr. PREYER. Yes, sir. 
Mr. CARTER. DO you mean that for the same model care, 1971, for in- 

stance, and a 197.3, there would be an increased usage of gasoline on 
the 1073 model by approximately 10 percent? 

Is that correct ? 
Mr. TR.MN'. Over the luicontrolled  
Mr. SAXSOM. Can we put up the chart that is behind the easel there? 
Mr. CARTER. For the same weight car, a 10-percent increase ? 
Mr. SANSOM. This is comparing a precontrolled car, and since we 

did not test that many in 1967, we took all of the cars that we tested 
in 1957 to 1967 as representative of the uncontrolled cars, to the same 
weight car tested in 1973. 

And you can see. as Mr. Train indicated, that, compared to the 
precontrolled cars, you have a gain in fuel economy, a verj' slight gain, 
for the cars that weigh less than 3,700 pounds, and a verj' large pen- 
alty for those that weigh more than 3.700 pounds, on the order or up 
to 18 percent. 

Mr. CARTER. "Well, I happen to have a car, one which I bought in 
1971. one in 1973, of the same model, and T will assure you that the 
penalty is much greater than 10 percent. 

^fr. TRAIN. Tt may be a difference in the weight of the vehicles, too. 
Sfr. CARTER. "Well, that is possible. But they are the same model 

car. the same type car. 
Mr. .SANSOJI. AVe have information in our fuel economy report that 

should be available to the committee. We have plotted the changes in 
vehicle weight of several models over time, and they have increa.sed 
100. 200 pounds a year, some of them up to 800 pounds over the last 
.5 years. 

Mr. CARTI-:R. T see. Well, that might be the explanati(m,but  
Mr. HEINZ. Would the gentleman from Tennessee yield to a ques- 

tion regarding that charge? 
Mr. CARTER. The gentleman from Kentucky will yield. 
Mr. HEINZ. Kentucky, excuse me. I recognize the tremendous mis- 

take I just made to the gentleman from Kentucky. 
Mr. SANSOM. There is nothing wrong with Tennessee. 



Mr. HEINZ. I note on the chart, that there is a very steep, sudden, 
and more or less unaccounted droji off between the fuel economy for 
a car in the H,.500-pound weight class versus one in the 4,000-poimd 
weight class. And it seems to me that is a drop in the neighborhood of 
17 or 18 percentage points just over that 500-pound range, and it 
seems peculiar. 

Is there any comment you woidd care to make as to wliy there is 
that rather substantial discontinuity ? 

Mr. TKAIX. Mr. Heinz, may T say I have been asking the same ques- 
tion. Perhaps we can both be enlightened. 

Mr. HEIXZ. IS that the point at which everybody switches on their 
air-conditioners? 

Mr. SAKSOM. XOW, I think that that is a us-eful analogy. It is kind 
of like the catalyst. You eithei- have got to have it or you do not liave 
it. .Vnd the NO, levels from small cars are low enough to meet the 
standaid, so you do not have to make the e.xhaust gas recirculation 
changes to tliose light cars, liut evidently the way tlie exhaust gas 
recirculation system works, if you put it on, then you suffer the im- 
plications of it. It is not a continuum; it is a piece of technology. 

Mr. HEIXZ. YOU either put it on or you do not. So what you are 
.living is that, actually, small cars are a good deal two ways. Firet of 
all, tihey use less gas second of all, they are probably, per ptound, 
cheapei- than big cars, because they do not have the sophisticated 
technology that is put on them. I suppose that is a jiretty good selling 
point for any of the automobile people out there today. 

Thank you very much. 
Mr. TitAix. The tiouble is, you caimot get one. 
Mr. HASTIXCS. Mr. Chairman ? 
Mr. SA'rn';i!i'iEi,n. Mr. Hastings. 
Mr. HASTIXOS. Just bi-iefly. is there any catalyst that is known to 

a manufacturer today that can be ])ut on an existing car, 1973, 1974 
model, foi-example? 

Mr. TRAIX. Yes. There are several reti'ofit catalysts. 
Mr. HASTIXCS. Then, could you tell me what other modifications 

are going to W made in the engines when we get into the convertere? 
.Mr. SAX.SOM. I think we will let Mr. Stork answer that. 
Mr. .STOHK. I think what you may lie driving at. sir, is whether 

the fuel economy gain is attributable to the catalyst per se and whether 
you can improve fuel economy on an existing car by putting on a 
cataly.st. 

.Mr. HASTIXOS. Or a portion thereof. 
Mr. STORK. Or a portion thereof. That would really not be the case. 
The reason that automobiles, new automobiles, 197.5 cars equipped 

with catalysts will be able to have better fuel economy is simply that 
tlie exhaust from the engines themselves can be somewhat dirtier than 
it is today and it gets cleaned up in the catalyst. The manufacturere, 
most imijortantly. will be able to advance spark over where spark is 
imw, change tiie spark advance curves, get more power out of tlie car, 
make it run better, get more ene?gy out of the fuel, and burn up the 
emissions in the catalyst. 

Other cliangcs that are beiuff made on 197.5 cars primarily are being 
made to most emission staudaids but that motorists will benefit in 
terms of fuel economy are things like quick heat intake manifold, a 
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fast choke, all of which makes better use of the fuel and makes the 
car—allows the car to meet emission standards. 

Mr. HA.STINOS. So, then, theie are no modifications alonj^ these lines 
that can be made, for example, to Dr. Carter's 1973 car oi- my car, 
that would accomplish the fuel economy by the addition of a retro- 
fitted catalytic converter? 

Mr. STORK. Not economically. 
Mr. HASTINGS. That would not be possible ? 
Mr. STORK. I would not say, sir, it is not possible, but it is not eco- 

nomically possible. You would be a lot better off buying a new car. 
Mr. HASTINGS. My point is, I guess, the American public is, believe 

me, letting us know—and I am sure they are letting you know—about 
their dissatisfaction with the present mileage, and I would not want 
them to have an understanding that, even if we do relax the standards 
for 1975, that we are going to solve the problems for the current car 
owners. 

Along the same lines, what about 1976, 1977 cars, modifications? 
Mr. SANSOM. You mean the fuel economy ? 
Mr. HASTINGS. Are you going to be able to achieve the statutory 

standards with just catalytic converters going to the years 1976 and 
1977 without, unfortunately, I think, perhaps some of tne modification 
that you are going to be able to accomplish in 1975 ? 

Mr. SANSOM. I think—^back to the first chart we put up there— 
that fundamentally what will happen as you go from the Federal 
interim or California interim standards to the statutory hydrocarbon 
and carbon monoxide standards, is that they will use some of the 
devices that they have been using on the 1973 cars. 

Mr. HASTINGS. Some of the charts I have seen show even a more 
drastic loss of economy than you show in yours by 1977 by reimposing 
some of the modifications that we are going to be able to get rid of in 
the short term while you go to the catalytic converter; but then, in 
order to meet those other standards in 1977, you are going to have to 
put them back on. 

And we show in some charts provided by some of the automobile 
people as much as a 30-percent penalty in fuel economy, and that 
disturbs me. 

Mr. SANSOM. Is this related to the NO, of 0.4? 
Mr. HASTINGS. Well, basically, the hydrocarbons and carbon monox- 

ides, but the chart I have shows, by 1975 standards, roughly the 12- 
percent economy that you are talking of, but there is a sharp break- 
down after that to the year 1977 with those standards; it shows a 
minus 30-percent deteiioration of fuel economy. 

My. SANSOM. That is with a 0.4 NO,? 
Mr. HAKTiN(is. That is with 1977—yes, 0.4. That is riji;ht. 
Mr. TRAIN. Well, as I think the committee knows, we at EPA have 

suggested a modification in the statutory to 2.0 starting in 1976  
Mr. HAS-I'INOS. That would Ix; a permanent statutory standard? 
Mr. TRAIN. From 1976 until 1082, and then go to 1.0. I think the 

point—by the way, Mr. Hastings, if you do have an analysis, we would 
Ije very glad to examine it and comment on it. 

Mr. HASTINGS. I would not be surprised if you have seen this one 
already. I am sure these people have testified in front of you, but I 
would be delighted to make sure you do get a copy of this. 
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This was Ford Motor Co.'s testimony in front of the Senate Public 
Works Conunittcc, and that is one of tlie tilings that is somewhat con- 
fusing to us. of course. We are getting all kinds of figures, and I am 
sure you sue. We aie trying to determine just exactly—we laymen— 
and certainly I am^which'isthe present  

Mr. SAN.IOM. I think that is a very good point. And we have found 
tluit a year ago. if you had asked them what was the fuel penalty 
as.sociatVd with tlie catalyst, it was something like 25 jiercent. This is 
one of the reasons wiiy I think we feel that we ought to have more test 
results out of cataly.st cars before any change is made in the standards. 

We are now testing catalytic cars in our lab at Ann Arbor today, 
and we will have a nuich better feel in the spring as to what theso cars 
do. We will not have all the answers, but we will know more. 

Ml-. HASTINOK. 1 agi-ee tliat probably should be done. I am a little 
bit concerned about putting this off initil spring, that we are not 
going to be in the (^ongress entirely fair to all segments of the indus- 
try because who knows, in the next year we may decide to go to just 
1SJ74 standards. 

1 uiuleistand that the leadtime that is necessary for 1975 cars is 
right now. I do not think tliey have got the time that you are talking 
about for certification tests next fall. So I would only lio|)e that we take 
a very careful look and not then, in 1074, do something that is too late 
for manufacturers themselves to meet by the time they mainifacture 
107.') cars. I think it is n serious problem. 

Thank you very much. Mr. Chairman. 
Mr. SAiTHiiKiKi.n. Thank you. 
Any other questions'. 
Mr. IIKINZ. Mr. Chairman? 
Ml-. SArn'-.HKiKi.n. Mr. Heinz. 
Mr. HKIXZ. One brief question. Back in IsyTl, I think most cars ran 

on 04 octane gasoline. Cai-s were tuned in such a way that you could 
not really run them on anything lower. Today, as you pointed out 
earlier in your testimony, cars all have to be able to run on 91 octane 
gasoline, and as I understand refinery economics, it is easier and 
cheaper to produce 01 o<'tane gasoline than it is 04 octane gasoline. 

If that is coirect. I think we ought to get on the record the fact that, 
as we move down in octane requirements, there is a saving in the 
refineiy which, so far in the discussion today, we seem to have over- 
looked. 

Is that accuiate ? Aie my stipulations essentially accurate ? 
MI-. SAXSOJI. T think—my imderstanding is that that is correct, but 

that the advocates of using lead in gasoline would hasten to point out 
that higher comi)rcssion ratios allow the car to consume less energy 
to do a given task, aiul therefore there would be an offsetting effect 
on the other end. 

Mr. ITK.INZ. Thank you. 
I guess I should, so there is no misundei-stunding on the record, 

say that it is not a question of whether we have, in effect, experienced 
an overall fuel .savings by doing this. I am not ti-ying to indicate that 
at all. Just a question of whether it is easier to produce 91 octane from 
a refi)iery without the benefit of lead than 04. 

T thank you very much. 
MI-. S.\ITKIIKIKI.I>. Any other questions of the subcommittee. 
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Congressman Haivpy. n very \alned member of the full commit- 
tee, has been sittinjr in on these hearings, and I wonder—do you have 
any questions ? 

Mr. HARVKY. NO. thank you. Mr. Chairman. I am just an interested 
observer. 

Mr. SATTKRFIKLO. Well. then, if not, pentlemen. we thank you very 
much for your appearance here today and your testimony. I am sure 
it will be lielpful to this committee in its deliberations. 

Mr. TRAIX. Tliank you. Mr. Satterfield. 
Mr. SATTKRFiKi.n. Our next witness is Mr. Peter N. Gammelgard, 

American Petroleum Institute. 
Mr. Gammeljrard. I wish to welcome you to the committee and I 

wonder if. for tlie record, you could identify the gentlemen who 
accompany you this afternoon. 

STATEMENT OF PETER H. GAMMELGARD, SENIOR VICE PRESI- 
DENT, PUBLIC AND ENVIRONMENTAL AFFAIRS, AMERICAN 
PETROLEUM INSTITUTE; ACCOMPANIED BY DR. W. J. COPPOC, 
VICE PRESIDENT, TEXACO, INC.; DR. DAYTON H. CLEWELL, SEN- 
IOR VICE PRESIDENT OF RESEARCH AND ENGINEERING. MOBIL 
OIL CO.; AND DONALD P. HEATH, MANAGER, FUELS, ENERGY, 
AND AVIATION PRODUCTS, CORPORATE PRODUCTS DEPART- 
MENT, MOBIL OIL CO., ON BEHALF OF API 

Mr. GAMMEixiARD. Ycs, sir. 
Mr. Chairman, on my right here is Dr. Dayton H. Clewell, a senior 

vice president of research and engineering for Mobil Oil Co.; and on 
my left is Dr. Coppoc. a vice president of Texaco, and they are appear- 
ing here on belialf of API, as I am. 

T would like, Mr. Chairman, to lead into this with a little extra that 
is not in the material you have there, if I may. 

Mr. .SAvreRFiKiJ). Please proceed. 
Mr. (TAMMKLCARI). Mr. Cliairman. and gentlemen. I need hardly say 

that these aiv not normal times. They are extraoidinnry times and they 
call for extraordinaiy action. I l>elieve you are in the process of mark- 
ing up an energ;v' emergency bill which gives the President unprece- 
dented peacetime powoi-s ovei- energy. 

API somewhat i-eluctantly supported this bill, but did so because we 
ai"e convinced that half measures will not cope with the energy crisis 
resulting fi-om recent .Vi^ab action in either curtailing oi' embargoing 
crude oil to their vario\is customers. What would liave been, just a 
few months ago wlieu I api)eared lH>fore this conunittee in September, 
nianageable oil product slioi-tfall of some 5 percent or so this coming 
winter has now turned into a very serious situation. 

The Goveniuient is pioposing major changes in refinery product 
yield patterns to gieatly decrease gasoline and increase other products, 
such as heating oils and losidual fuel oil. AVe are not talking about 
normal seasonal changes. We aie talking about abnonnal and major 
changes in lefiueiy operations. 

Our industry ran be depended on to i-espoiid to (lie Wst of its ability. 
There is no wav that all demands for oil can be met this winter. Ab- 
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solutely no wnv- There will be shortapes. nnd thei-e will be genuine 
Imrdships. And the effect on our economy will be substantial. 

T'nder such ciicunistances. the Government undoubtedlv wants to 
<ret as much gasoline, heatin^r oil, jet fuel, and residual fuel oil out of 
every barrel of crude that we do have available to run throujrh our 
refineries as is possible. 

T will now pick up with my other statement. Mr. Chairman. We sup- 
l)()it the bill. H.R. 11475, wl'iich would extend the 1974 tailpipe emis- 
sion standards for the follo\vin<r reasons: 

One. Automotive tailpipe emission standaids have become projrres- 
sively more stringent since 1968. As far as the automobile is concerned, 
the air is getting cleaner year by year as older cars are replaced by new 
ones. And with maybe a 25- or 30-poicent reduction in gasoline this 
fii-st quai-tei- of next year, which is pi-edicted by the White House, it 
will become qiiite a bit cleaner because the cars will not lx> ai-ound. 
driving aiound, completely aside from the other effects. 

Two. In order to meet the 1975 interim standaids. which are moi-e 
stringent than tiie 1974 standards, most cars will need to be catalyst 
equipped. The use of catalysts in turn requires unleaded gasoline to 
prevent cataly.st deactivation. 

Three. For 1975 cars, therefoi-e, designed to run on 91 i-eseai-ch octane 
unleaded gasoline, going to 91 octane unleaded gasoline was based on 
quick availability. It is important to note that to provide for the pro- 
duction of 91 octane unleaded gasoline lias ahead}' requii-cd a sub- 
stantial i-efineiy construction progiam. The industry will lie ready to 
meet the general availabilitv requirement that EPA set sometime back 
on unleaded 91 by July 1 of 1974. 

Four. Model year 1973-74 cars on the average have suffered a 20- 
percent decline in fuel economy, as compared to 1967 cai-s. And this is 
certainly at variance. I believe, with the previous witnesses. Our fig- 
ures, based on a very fine technical analysis, indicates about 15 percent 
of this loss—and this is not 15 percent of 20, or 3 percent, but a 15 out 
of the 20, a chunk like that—has been caused by emission controls, 
of which about 7 percent was caused by a droi) in compression ratio 
to an average—I think the average drop was about 1.1 compression 
latio numbers. The lower compression ratio enables a car to run on the 
91 octane gasoline, leaded or unleaded. 

Five. It has been estimated that the use of catalysts will permit 1975 
cai-s to attain a 2- to 3-perccnt gain in fuel economy. This saving in 
energy, however, is offset by the fact that about 3 percent less gaso- 
line can be made from the same amount of crude than could be made 
if 91 octane gasoline were leaded. 

Six. If the 1974 emission standards should l)e continued, then 
no catalyst would be required, and leaded gasoline could be continued 
witii sul)stantial positive effects on the energy supply situation. The 
refinery indu.sf rv will be capal)le of making 91 octane, no-leaded gaso- 
line by mid-1974. The addition of 2V^ grams of lead to each gallon 
of this gasoline would increase its octane number to about 98 research 
octane number. This step could be taken quickly. 

Seven. The addition of 2^/^ grams of lead per gallon would i)erniit 
an increase in fuel efficency of about 13 percent; since the compression 
ratio could be increased and the car could still meet the 1974 emission 
standards, crude savings would be substantial. We estimate 81^ percent. 
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Eipfht. Car maniifacturere can increase compression ratios 

rapidly. 
Nine. With the use of 21/2 grams of lead per {jallon most of the 15- 

percent loss in fuel economy shown by the 1973-74 cars due to emis- 
sion controls could be regained. Moreover, increasing compression ra- 
tios is only one, though a very important factor in regaining fuel econ- 
omy. Such otliei- factors as improved carborators and high energy igni- 
tion systems wotild contriimte toward fuel savings. And it is absolutely 
misleading to claim that the 1975 catalyst emission cars would have 
a fuel economy of some 13 percent. In fact, I remember back in Sep- 
tembei-. that happened to be out of the same company, 18 percent. 

Tn sjunmary, freezing the 1974 standards: One, would still provide 
the country witii continuing improvement in air quality; two, it would 
l)ermit quick steps to be taken bv both the oil and auto industry to 
regain fuel economy; and tlirce, m the longer term, it would permit 
the development of more efficient engines, such as the stratified charge 
engine, which in tuin would permit by 1978 or so the implementation 
of more stringent emission standards without further loss in fuel 
economy. 

One additional amendment to the Clean Air Act is absolutely essen- 
tial, if tailpipe emission standards are to be frozen at the 1974 level. 
EPA last week promulgated regulations reducing the overall average 
lead count in gasoline to 1.7 grams per gallon effective January 1,1975, 
and lowering this limit incrementally each year thereafter through 
1979 to 0.5 grams in the terminal year, and then level from there on 
out. Implementation of these regulations nnist be suspended if the 
peti-oleum industry is to continue to produce the necessary volume of 
higher octane gasoline, and to do so without a—and please change that 
woid ti-emendons. that is an error^—significant 130,000 barrel per day 
inciease in crude consumption, and without construction of a large 
amount of additional refinery icformingcapacity. 

I would like to take just a minute here on construction capacity of 
the indu.stry. AVe have been asked to make a lead free gasoline by 1974, 
the middle of the year. We are now l)eing asked to reduce the lead in 
the remainder of the gasoline. We are l>eing asked by the White House 
to change the gasoline yield patterns in our refineries as soon as pos- 
sible, very substantially by some 900.000 barrels a day, not gallons, but 
barrels a day. of less gasoline, and to divert that into heating oils and 
i-esidual fuel oil and jet fuel. 

The amount of const ruction that will be needed to do some of these, 
to make some of these changes is very substantial, and I think far ex- 
reeds the capacity of tlie construction industry in the TTnited States. 
Furthermore, we heard earlier that tiiere is a possibility of sulfate 
emissions from tiie SO., going over the catalyst and forming sulfuric 
acid mists, and solid sul)>hate particulates. 

The Environmontnl Protection .\gency made the lemark here on the 
.Senate side lecenfly that should this become a problem, they wonld 
merely ask the refining industry to desulfuiize the gasoline at the 
refineries, so the sulphur would not be in the fuel to turn into these sul- 
fui"ic acid mists. 

It seems to us that the fni' gieatei- logic is on the side of do not move 
on an unknown. imiiro\en svstem that can introduce a new health 
hazard, that could put a strain on the construction industry; take the 
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sulfur out before we have a sulfuric acid mist probleiii in this 
country, whicli could not be done if the construction industry is com- 
pletely loaded. 

.\nd I can tell you if tlie Alaska pipeline start.s consti-uction pretty 
soon, it will drain many of the welders in the United States to put 
that line together over the next 3 years. 

These are problems we must face up to. And this business of just 
sayiufT. it is two-thirds of 1 percent and there are 50 gallons in a barrd, 
and how to design a refinery; it kind of makes me—well, I will not 
say it. 1 will stop right there, and we will be ready for any questions. 

Mr. SATiTJtFiKj.n. Thank you very much. 
Do you have any questions. Mr. Ivyros i 
Mr. KYROS. Thank you, Mr. Chairman. 
Mr. (rammelgiird. you say on page .3 of your statement in summarj', 

"freezing tiie 1!»74 standards would still provide the country witli 
contiiuiing improvement in air quality." 

Mr. (i.\MMK.ui.\i«). Yes. sir. 
Mr. KYROS. Why is it continuing^ 
Mr. GAMMEI/JARD. Because you have a reduction in the 1974 automo- 

bile model year cars, that a substantially reduced carbon monoxide 
and hydrocarbons and also somewhat on NO,, but these are substantial 
reductions. As these new—each year's crop of new cars comes into the 
market with substantially reduced emissions, and practically at the 
other end of the line, pushes out an old crop 10 or 11 years old; tliis 
will result in a continuing improvement. 

Mr. KYROS. All right. 
We say that the production of gasoline without lead additives 

causes us to build the new kijid of refineries that would give us the 
unleaded gas of a similar octane. Second, this type of gasoline gives 
us sonic kind of a crude oil ])enalty. 

Mr. (JAMMKI.<;ARI). Yes, sir. 
Ml-. KYROS. Is that correct ? 
Afr. (JAMMKLOARI). Yes, sir. 
Mr. KYROS. YO\I know that .statement is in great dispute in the 

Senate hearings. I have talked with many people about this and have 
rc<'ei\ed many difTerent answeis about it. 

Rut aie you ceitaiu those are the facts, that, in<lee<l. there is a 
crude oil penalty if you take all of that lead out of gasoline? 

yU: (iAJiJiKi,(!ARi). Indeed, there is. If you want to make the same 
\-olunu' and quality of gjisoline, there just has to be. 

Mr. KvRos. In otliei- words, to achieve, for example, an 89 or 91 
research octane ICNCI unleaded gasoline, you have to use more raw 
material and more crude to get it if you are going to refine it to that 
point ? 

Mr. GAjrjfKUJARn. That is correct; eithe?' use more crude or use 
(lie .same amount of crude and tlu-n sutl'ei' a fall-oti' in other products 
made from that barrel of crude. Tlie typical yield of gasoline is right 
at 47 ])ei(eiit giisoline out of a barrel of ciude, in the United States in 
the year 107:2. 

Mr. KYROS. .Ml right. 
Now. it is also part of the jnoblem that some of the oil companies- 

like maybe Exxon—luwe gone aliead with the new refineries while 
otliei-s have not; that is the refineries that would provide unleaded 
octanes of 91 percent ? 
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Mr. GAMMF:i.r.AKD. I do not think so. To tlip best of my nnderstand- 
ing. tlie whole industry lias moved to comply witli tlie EPA reg^nla- 
tion that says that every station sellinn:over26(),000 gallons of gasoline 
a year will iiave to have at lea.st one grade of unleaded gasoline come 
July 1, 1974. And I do not think tliat the companies are sitting still 
on that. 

Mr. KYROS. All right. 
The first point, though, is we ought to freeze the standards of 1974 

for at least a year, or so. Is that right? 
Mr. GAMMKUiARD. Absolutely. 
Afr. KYROS. And second, that we ought to put some lead back in 

gasoline, not to suffer the cnide oil or crude i-aw material penalty? 
Mr. GAMMEixiARn. That iscori-ect. 
Mr. KYROS. Does not that mean that if we do that, we run the risks 

that have been testified befoie this committee of contiiuiing to put lead 
in the atmosphere in some uiban areas where cars are concentrated? 

Mr. GAMMEixiAUD. EPA has made a repoi-t on le«d traps, and the 
efficiency of lead traps has been studied by their technical people. And 
if mv memory is con-ect, they said that lead traps can be put on auto- 
mobile tailpijws, which will capture 65 percent of the lead pai-ticula*«a 
that hit the traj) in the tailpipe. 

Now, this would be an immediate reduction in all existing cars if 
the lead traps are put on nil cai-s nationwide. 

Mr. KYROS. IS that something that could be put on in a garage, rather 
than on a prmhiction line ? 

Mr. GAMi\JEix?ARn. Right. 
Mr. KYROS. You feel that tliis oil shoi-tage, particularly in gasoline, 

since crude oil is going to be diverte<l to No. 2, and bunker hejiting 
fuels for industiT, that the gasoline shoi-tfall is going to be much 
greater than we originally i)iojeoted, not. jwst 17 percent. Tt is much 
higher? 

Mr. G\MMKi.(iARD. I would not be at all siirjirised at .SO percent. 
Mr. KYROS. Well, then, would you then .say also as a matter of con- 

trols, we ought to have rationing of gasoline ? 
Mr. GAMMEixiARo. I do not know. Mi-. Kvios^ if rationing woidd be 

dictated. It probably would sti-ain our ci-edibility, or credulity, I gue.ss 
it is. to think that the public voluntarily would go along with the 30- 
pereent reduction. It could be tried. 

I was on the New Yoik freeway over the Thanksgiving holiday and 
everybody was doing 50 miles an hour excejit two cais that were off to 
the side with i>olice patrol cars giving them tickets for having gone a 
little faster. I think highway drinng decrea.sed. The gasoline demand 
has tapei-ed off to around a ^.O-peicent increa.se foi- a recent 4-week 
period. 

This is not enough though. It has to take a real decrease, not jiKst a 
modest incivase. So rationing may be necessary. 

Dayton, do you want to add, or do vou, Joe. to that thought ? 
Mr. Ci-KWKiJ,. Yes; I think it may l)e. necessarv. Tt is going to be a 

very, verv* comidicated thing to administer, and it would take an 
awful lot of bureaucracy, that will have to be set up to do it. I think 
we ought to try e\en'thing we can l)efore we really have to go to 
rationing. 

Mr. KYROS. T know there an< other memlx'i's that would like to a.sk 
questions, but it is very interesting. Thank you verj' much. 
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Thank you, Mr. Chairman. 
Mr. ROGERS. Mr. Carter? 
Mr. CARTER. Thank you, Mr. Chairman. 
I have heard it variously estimated that oui- ooimtry uses 17 million 

barrels of crude oil a day, and up to 20 million. What is the correct 
figure? 

Mr. GAMMEUJARD. I think the correct fig^ire, our total demand, is 
around 17i/^ million barrels a day of liquid oil products, products not 
crude oil. Now, our refineries are capable of running. I think, about 
1314 million barrels a day of crude oil and .some other raw materials 
from the oil fields. We do import roughly 3 million—or had been 
iniporting, let me put it that way, until recently, 3 million barrels a 
day of products, and 3 million barrels a day of crude oil. 

So our domestic production of crude oil, plus the imported cnide 
oil, filled our refinery needs. We are not now able to get all of the 
crude, due to the Arab-Israeli situation, that we would like to have, nor 
can we import all of the proflucts that we would like to import, because 
the Aiab countries, as you probably realize, have told anybody that 
is getting their crude oil that they should not ship products from that 
oil to the United States or to Holland. 

IVfr. CARTER. Yes, sir. 
Mr. CopiKx;. May I add a—it is necessary that you look at those 

luimbers in a time fiame. For example, that 17.5 million barrels a day 
that Nick just mentioned for 1973 averaged 16.2 million barrels a day 
in 1972. The incicase in consumption has been that rapid. You go back 
10 yeai"S and the number was something like 10 million barrels per 
day, which illusti'ates a big part of the pioblem, you see. 

Jlr. CARTER. What is our production in the United States today of 
crude ? 

Ml'. Coproc. 9.2 million barrels a day. 
Mr. CLEWELL. About 10. 
Mr. Coppoc. My figure does not include what are called "natural 

gas liquids." 
Mr. GAMMEIXIARI). And that is somewhat over a million barrels a 

day, and that plus the 3 million barrels a day of imports just about 
filled our refinery requirements at about 13Vo million. 

Mr. CARTER. We have got 1 million from Canada. Is that correct? 
Mr. (TAMMEIXJARD. A little over 1 million from Canada, and about 

3r)0.()00 a day from Venezuela. 
Ml-. CARTER. I thought it was about 2—only 350,000 from Ven- 

ezuela. 
Mr. GAMJIEUJARU. I think that is correct from Venezuela, 
Mr. Ci.EWF.ij,. I think it is moi-e than that. 
Mr. CARTER. 2 million? 
Mr. CI-EWELL. NO ; but Venezuela is our second largest soiirce of im- 

ports of crude oil and products. 
Mr. CARTER. Yes, sir. 
And of this, of the crude oil that you manufacture, or that you 

have, we use 131^ million barrels. You have the refining capacity for 
that at the present time ? 

Mr. (TAMMEI/IARD. Yes. sir. in the United States. 
Mr. CARTER. TO refine that much each day ? 
Mr. GASISIEUJARD. Yes, sir. 
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Mr. CARTER. If we convert this into leaded gasoline, we would get 
a benefit. Is that correct ? 

Mr. GAMMKIJOARD. Yes, sii-. 
Mr. CLK\VT=:LL. Compared to unleaded. 
Mr. GAMMELOARD. Certainly. 
Mr. CARTER. And you have got a 2 to 3 percent^—no a .3-percent pen- 

alty for conversions to 91 octane gasoline. Right? 
Mr. GAMMEIXIARD. Yes. 
Mr. CARTER. And a 2- to 8-percent gain in fuel economy by adding 

lead. Is that correct? 
Mr. Ci-EWELL. Well, it depends on  
Mr. GAMMELOARD. Fuel economy gain in the automobile engine? 

Mr. CARTER. Yes. sir. 
Mr. CLEWELL. Well, the lead itself does not give you any increase, 

but by adding lead  
Mr. CARTER. It increases the octane. 
Mr. CLEWEIX. That is right: by increasing the octance, yon can in- 

crease the compression ratio of the engine and get more efficiency that 
way. 

Mr. CARTER. 2..5 grams of lead, I suppose, per  
Mr. Coppoc. Gallon. 
Mr. CARTFJI. Gallon. All right, sir. 
Thank you, Mr. Chairman. 
Mr. RooERs. Mr. Heinz? 
Mr. HEINZ. Thank you, Mr. Cliairman and Mr. Gammclgard and 

your associates. I just want to take this opportunity to say that the 
petroleum industry over the yeai-s has an excellent record of meeting 
the needs of the American consumer. And based on information that 
has come to me, yoti have gone out of your way to accommodate the 
changes that public health and other requirements have necessitated. 
And you are to be sincei-ely commended on your response to your pub- 
lic resiwnsibility to date. And I mean that sincerely. 

Mr. GAMMEIXJARD. Thank you. 
Mr. HEIXZ. You discus-sed in your statement compression ratios, 

and what is involved in increasing the compression ratio of a car that 
you have? I have a 1973 car. How can I increase the compre.ssion 
ratio on it to take advantage of the higher octane gasoline that you 
would make available, were we to permit lead to be used ? 

Wliat would I have to do to my 1973 car, because the mileage on 
it. I would like you to know, is not so good?. 

Mr. CI.EWEIJ,. We can all take a crack at this. But of course now, 
just to increase the compression ratio, I suppose the simplest thing is 
to put on a thinnei- head gasket, so you do not have so much room at 
the top of the piston as you did before. 

Therefore, when the piston comes up, you go to a greater compres- 
sion. 

Mr. HEINZ. A thinner head gasket ? 
Mr. CI.EWEI.I,. Yes; however, this does not really solve all of your 

problem by any means in terms of getting this efficiency back, because 
as you increase the power, you should now change some of the gear 
ratios, say, in the rear axle; perhaps the timing on the spark should be 
changed. And of course for a lot of old cars, it is not practical anyway 
to put in this head gasket. 
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Mr. HEIXZ. That sounds very expensive to me, and presumably it is, 
therefore, in terms of the 1974 model year, which we ai-e considerably 
well into now; thei-e would be relatively little that Detroit could do. 
You were talking about—any effect that you were talking about would 
be on 1975 model year as a practical matter. 

Mr. CopiHic. At the earliest. 
Mr. CLKWKIX. Yes, that is right, at the earliest. 
Mr. HEINZ. At the earliest. 
Mr. CLEWELL. It is best to do it Avhen they are manufacturing it, 

rather than afterward. 
Mr. HEIXZ. I think you made that point abundantly clear. Would 

you expect that—and 1 guess we will have automobile manufacturers 
in to testify later—would you expect that even with respect to the 
lO?.*) model year, that those changes could actually be made that you 
suggest ? 

Mr. CLKWEI.L. I think we said in there, piobably some of them could. 
We think it would probably be 1976 before they could really make the 
changeover to take advantage of the higher octane. 

Mr. HEIXZ. TWO and a half years from now. So that while that is 
something that might be a good thing to do from fuel economy, the 
benefit from that is a couple of years away. 

Mr. Corpoc. This is correct. 
Mr. CLEWEIX. There is practically nothing we can do for the 1974 

cars. 
Mr. HEINZ. All right. You mentioned that the final yield is about 

40-percent gasoline. What octane are you assuming, assuming no lead ? 
Mr. Coppoc. The pool was about 881^ in 1970 without lead. That's 

just as if you dumped all the gasoline stocks in a great big tank and 
took a sample, and 881^ would be the octane number. 

To raise that to 91 as required in the intervening years an amount 
of construction just for that purpose alone would be a little more than 
equivalent to the average amount of construction in the refining and 
petrochemicals industries over the last 5 years. 

Do I make myself clear ? 
It is about $2 billion. 
Mr. HEIXZ. A lot. 
Mr. Coppof. To get from 88I/2 to 91. 
Mr. HEINZ. Let me ask you a question a little differently so that I 

understand what you had to do. 
Were you to take the 1970 refinery that produced 47-percent gasoline 

at an average pool strength at 881/^ octane, and you were to program 
that refinery to produce 91 octane gasoline, what would be your gaso- 
line vield from that refinery? 

Would you imagine, would it be 40,30,46 percent? 
It is going to l)e less than 47 percent. I would assume. 
Mr. Coppoc;. May T take the time to you a horrible example ? 
In one of our small refineries located in the Midwest, in whicn we 

were, faced with exactly that problem, we increased the total investment 
in that refinery, by 47 percent. When we had finished we were able to 
produce about 92 percent as much gasoline as we could before we made, 
invested the additional 47 percent. This also covered cleaning up the 
water and some emissions from other units. 

And the numbei-s are-—I am speaking from memory, so do not argue 
whether it is 91 or 93. It is about 92 percent. 
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Mr. HEINZ. "Well, you probably went through, from Avhat had pre- 
viously been 47 to about 43 percent, roughly. 

Mr. Coproc. T am not positive about the yield. 
Mr. HEINZ. After spending a great deal of money to bring that about. 
Mr. Copp<x\ Xow. pai-t of that decrease in yield of gasoline could 

be made up in the yield of other products that came out of the refinery, 
so that we were able to produce about 96 percent as much total product. 

Now, the cars for which that product was designed to operate, would 
give the ultimate consumer fewer ton-miles of ti-ausportation per gal- 
Ion of gasoline than would the product we turned out before that con- 
version. 

Mr. HEINZ. Why was that? 
Mr. Coppoc. It is because it is 91 octane clear. Part of that time we 

were using 881^ roughly base cleai\ and adding lead to it, so that the 
jjool  

Mr. HEINZ. Was 94? 
Mr. Coppoc. It was 9(), Ofii^ because of the combination of regular 

and premium, you se«, and that woidd give you a higher compression 
ratio with the attendant additional fuel economies. 

Mr. HEINZ. Mr. Chairman, I thank you. I might have—I have used 
up my .5 minutes. If we have more time I might come back. 

Mr. ROGERS. Mr. Hudnut? 
Mr. HiiDNiT. Thank you. Mr. Chairman. 
I would like to ask you the same question that I asked Mr. Train. I 

believe you heard it. It has to do with the correlation between gasoline 
mileage and the utilization of the auto emission control devices on 
the current vehicles. 

Do you think there is a negative correlation, and that there is a dis- 
cernible decrease in the amount of miles to the gallon as a result of the 
use of these devices? 

And, if so, would you favor repealing that section of the Clean 
Air Act that requires manufacturers and dealers not to tamper with 
or disconnect  

Mr. CLEWELI.. If I get the question correctly, you are referring to 
the statement he made that of the small cars, in recent years, with 
the application of emission controls, their fuel economy has improved. 
Is that the question? 

Mr. HuDNTJT. My question has to do with the observation of, as I 
said before, the man in the street, that because he has got an auto 
emission control device on his now car. me<lium size models and up, 
that he is getting less miles to the g^allon. A lot of people complain 
to me about this, and say, if they did not have these, if they were dis- 
connected, these devices, thoy woidd be getting l)etter mileage. They 
feel that this is one of the reasons whv we have a fuel shortage. 

Do you agree with that observation? 
If so, would you favor legislation i»ermitting the disconnecting 

of the devices ? 
Mr. Ci.EWKu,. I would have to think about that a little bit. I would 

say this, that I do not think it is true generally that by disconnecting 
them you are going to have worse fuel e/"onomy than you did before. 

On the other hand. T do not believe that by disconnecting you are 
going to regain all of the fuel economy that you lost by the fact that 
they put them on. 
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So, I would say on balance, it would probably come out that by dis- 
connecting them you would have some improvement in the fuel econ- 
omy. Now, this would be primarily, I believe, for the 1973, 1974 cars. 

Mr. HuDNUT. I am not talking about the new cataljlic converters. 
I am talking about  

Mr. Coppoc. This means a readjustment of spark timing, mixture 
strength, and so forth. 

Mr. HuDNUT. Compression ratio. 
Mr. Coppoc. Well, compression ratio you are pretty well stuck 

with since 1971, and that is the catalyst's penalty. Compression ratios 
were lowered in order to provide a market for 91 research octane num- 
ber gasoline, so we could go into the business of making lead-free 
gasoline at that octane number and build up a market prior to the 
introduction of catalyst equipped oars. The introduction of 91 re- 
search octane number gasoline and the reduction in compression 
ratios that took place with the first of the 1971 models was directed 
toward the u.se ultimately of a catalyst technology. Rut now that the 
compression ratios are down, there is not nnich you can do to change it. 

Mr. CLKWFXI.. Tlie easiest one would l)e to disconnect the exhausf 
gas recirculation, or EGR, as we call it. the system put on to control 
the NO,, or oxides of nitrogen. Disconnecting that is a fairlv simple 
thing to do, and it would increase the fuel economy, maybe about 
3 percent. 

Ml'. HTJDNUT. If we have a real fuel shortage, do you not think 
that would Ix* a pretty good idea ? 

Mr. CLEWELI.. I am not going to disobey the law. If you change 
the law, I will do it. 

Mr. HuDNiTT. Riflrht, because you do not want a $10,000 fine. 
Thank von, Mr. Chainnan. 
Mr. RooERS. Mr. Satterfield? 
Mr. SA'n>;uFi>;r,D. Thank vou, Mr. Chairman. 
T would like to ask vou this question, Mr. Gammelgaixi. "Wliat would 

it mean in tenns of additional inventory for gasoline if the oil indus- 
try is able, on July 1974, to have lead-free gasoline for use in catalytic 
equipped cars? 

Do you have a figure for that ? 
Mr. GAMMEIXJARD. We made an estimate in the industry several 

months ago, and making an allowance for the fact that some companies 
are now three-grade marketei-s and already have the facilities in, in 
wliich case it would just be a matter of switching one of those systems 
over to unleaded. Taking that into account, the additional inventory 
is estimated at some roughly 10 million barrels of gasoline, which trans- 
lates to some 400 million gallons of gasoline. It is a little le.ss than 10 
million barrels,the way our |)eople look at it. 

To relate that to the total gasoline inventory of the Nation, a typical 
inventory runs about 200 million barrels, so 10 million is 5 percent 
of 200 million. .\nd at a time where we may be 30-percent short, to add 
a .5-percent additional penalty—it is a one-time penalty, but neverthe- 
less it is a penalty—it comes at the worst possible time. It is lost for 
all practical purposes luitil you finally flush the system out and gain 
back that gasoline. It could not come at any worse time. 

Mr. SATTJUIFIEI-D. Would that mean, then, that an automobile owner 
with a catalytic device equipped automobile might have difficulty in 
finding nonlcaded gasoline? 



Mr. GAMMEIXJAHD. Yes; there is no question about it. I think we are 
having difficulty finding gasoline now, and we have not seen nothing 
yet, l)elieve me. I am not trying to be an alarniist^I am just trying to lx> 
a realist. Wait until next January or February, when we are trying to 
tuiu out all of the heating oil we can, all of the jet fuel, and let gaso- 
line sort of be starved out. And that is the time, toward the end of 
the first quarter, that we sliould be building gasoline inventories for 
the summer peak—and we arc not going to be able to do it, period. 

Mr. SATTEnriFjj). Well, in effect this will mean having two classes 
of gasoline, is that going to complicate the delivery problem ? 

Mr. GAMMEi/iARi). Yes; it will, particularly in a shortage situation. 
If you have more gasoline than needed, it would not be too much of a 
problem. You would get some more equipment and that would be it. 

Mr. SATTERnEi-D. And if we were to suspend the 1975 interim stand- 
ards, and thus not require catalytic devices on automobiles for 1975 
nioflels and beyond, yo)i would not be faced with the problem ? 

Mr. GAMMEixiAim. That iscoiTect. 
Mr. Corroc. Provided EPA changed its present regulation. At the 

present tinie there is a very severe penalty tor our not having imlead- 
ed gasoline available in every station that has, that sells over 200,000 
gallons a year. 

Mr. SATTEUFIEIJ). T undestand that. 
Mr. Coppoc. Something would have to be done about that. 
Mr. SArrKHKiKLD. What is the penalty of that phasedown, inci- 

dentally? 
Mr. GAMJIEIXSARI). $10,000 per day of occurrence, I think. 
Mr. CLEWEU., Per station. 
Mr. SATTERFIEIJ>. HOW nuvny gallons are. we talking about that 

would be involved in that loss? 
Is there an appreciable loss in terms of gasoline because of the 

phasedown ? 
Mr. CoPTOi-. With the phasedown that they—you mean the lead 

phasedown schedule EPA had published? 
Mr. SAm-ziiFiEij). Yes. 
Mr. COPI'(K;. Yes; that runs—and this may be where some of the con- 

fusion occurred in the V.P\ testimony, because they have been receiv- 
ing infonnation on what effect the phasedown has on the availability 
of gasoline—and under those circumstances this runs initially, by our 
estimates, in the range of 100,000 to 150,000 barrels per day. 

Mr. SATiT-RriKij). This is in addition to what we have been talking 
about? 

Mr. CopiHK-. Yes; this is the penalty which is due to the phasedown. 
You calculate it on the basis of how much gasoline you could make if 
you were able to lead that gasoline to current levels, you see. And 
then, how much could you make if you co>ild not lead it to current lev- 
els in accordance with the phasedown rules. And this. l)ecause they 
spread that average out over all of the gasoline that was sold, means 
that as the deman<l for unleaded ga.soline goes up, then you have more 
lead available to put in the leaded gasoline to satisfy the old, higher 
compression ratio cai-s. So that the penalty appeai-s to go down a little 
bit because you do not have to reform and so forth as vigorously for 
the unleaded—or for the leaded part, the bulk of your fuel. 

I9-1T1 O - 74 - S 
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It is a peculiar tliinjj, but it may account for their rather odd state- 
niPiits about wliat was {roinp to happen in tlie refining industn'. 

Mr. SATTERFIELI). I appieciato that explanation, because I fi-ankly 
admit I was confused as well. 

Afr. Ck)PPoc. I think we all three were. 
Mr. GAMMEIJO.VRI). API wrote to Mr. Train on November 20 and 

that is mentioned in the letter, and. I would be pleased to submit it for 
tiie record. It is a four-pagce letter. 

Mr. SATTERriELD. Mr. Chairman, could we receive that in the record? 
Mr. Ro<JERS. Certainly. Without objection, so ordered. 
[The letter dated November 20,1<)73. referred to, follows:] 

AMERICAN I'ETHOIJEVM I.NSTITI'TB, 
Waxhiiigton, D.C.. yovrmbcr 20. ims. 

Hon. Ki'ssEU. E. TRAIN, 
Adminintrator, Environmental Protection Agency, 
Vfa»hingtM\, D.C. 

DEAR MB. TRAIN: We at tlie American I'etroleuin Institute are invarp that, 
pursuant to n court order, you must announce what action El'A intends to take 
on the reproposed scliedule for reductions of lead in leaded grades of gasoline 
by November 28, 1973. Given both the closeness of the deadline and the sheer 
volume of relevant data, we are concerned that a few jioints of paramount im- 
portance to the petroleum Industry and to the economy of the country as a whole 
may not be fully appreciated. We would therefore like to summarize the.se points 
for .vour consideration as briefly and as clearly as we can. 

1. We do not believe there is a xoinid ncientiflc hasin for UPA'x conclusion tliat 
the use of lead in gasoline constitutes a threat to public health. This position Is 
supported by certain internal KI'A documents which have recently l)een made 
public, includin); the memorandum "Public Comments on I'roixised I.,ead Regu- 
lations" submitted by .Joseph Kivel on July 0. 1973. 

The memorandum, which we presume you have seen, consists largely of quota- 
tions from papers written by physicians, environmental toxicologlsts. and other 
scientists. These indpi)pndent authorities nil cast serious doubt on claims that 
there is a public health basis for reducing tlie amount of lead in gasoline. While 
we recognize that this internal memorandum was a "devil's advocate" paper, 
consisting entirely of opinions contradicting the EPA viewpoint, we believe tho.se 
opinions must be given equal weight with those cited in .support of the proposed 
low-lead gasoline regulations in EPA position papers. 

2. Even if at some future date lead in gasoline should prove to be a health 
hazard, the existing regulation requiring a lead-free grade of gasoline may by 
itself reduce automotive lead emissions to EPA's target level. At a December 27, 
1972, news conference, former Administrator Ruckelshaus displayed a graph 
depicting the lead emission reductions expected to result from tlie apiilicatioii 
of both the final regulations governing lend-free gasoline and the proposed amend- 
ment calling for a phnsp<l reduction of lead in leaded grades of gasoline. He also 
displayed a graph showing the reductions which would result from the applica- 
tion of the regulations xrithout the projiosed amendments, assuming that 197.'i 
and later model vehicles use only lead-free fuel.  (See Attachment 1.) 

As cnn be .seen from the composite of these grnplis. reductions in automotive 
lead emissions are expected to be dramatic over the next decade, with or without 
controls on the lead content of (ended grades. In either event, if EPA's a.ssnmi>- 
tlons concerning future vehicles are correct, automotive lend emissions will be at 
the .same negligible level by 198.5. The effect of the proposed controls on leaded 
grades would be to accelerate the emission reduction process slightly and 
temjiorarily to achieve about a two-year Jump around 1978-1979, a diflferewe 
which would grndually shrink to zero. 

3. Meeting the lead reduction schedule proposed last January tcould require 
the refining of an additional Zh-.iS million barrels of crude oil annually, depend- 
ing on the extent to which catalytic and noneatalytic emission controls are used 
on future automobiles. Tlie imimet in reduced gasoline yield per Imrrel of crude 
would be .significant—even at tlie lower figure of 24 million barrels per year—In 
view of the current shortage of both raw iiinterinls and of refinery capacity. 
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4. A newer, more stringent lead reduction nchedulc than that proponed last 
January would place an even heavier strain on the tiation's crude reserves and 
limited refining capacity. We understand that the lead reduction schedule pro- 
posed in January of tliis year, reducing the lead content of tlie leaded gasoline 
pool to 2.0 gm/gal by January 1, 197r>, and to 1.25 gm/gal by January 1, 1978, 
may be replaced—apparently without an opportunity for public comment—by a 
newer schedule reducing the lead content of the total ga.soline i>ool to 1.4 gm/gal 
and to 0.6 gm/gal by the.'^e respective dute.s. 

While it may be argued by .some that this .schedule will have alKiut the same 
impact on the refining industry as the original phasedown proposal, the facts 
do not support this contention. Total gasoline pool averaging does give the re- 
finer greater flexibility, lint the impact of any average level on a given refiner 
dei>ends on the relative volumes of premium, regular and/or lead-free fuel, the 
more severe the crude penalty will be. In January 1975, the volume of lead-free 
fuel produced by many refiners is likely to be very small, and the output of higher- 
octane leaded grades will be only very slightly less than it it today. Thus, for 
these refiners, the newer scliedule would retjuire a much larger decrea.se in lead 
use per leaded gallon tlinn the schedule projHised in January. Assuming these re- 
finers are able to comi)ly—or are given enough time to comply—the result will 
be a much more severe penalty in raw materials than that as.sociated with the 
.schedule proposed last January—that is, unquestional)ly more than the 48 mil- 
lion barrels per year cited in Point 3 above. 

5. The nation cannot afford the additional loss in refining capacity and product 
yields. Refinery design and construction firms are already operating at capacity. 
How well these firms can respond, or whether in fact they can respond, to those 
refiners faced with the necessity of making much more severe product quality 
changes than anticipated is not at all clear. We understand that EPA expects 
that some 12-20 small refiners may be forced to shut down a.s a result of the lead- 
free and low-lead gasoline regulations. 

We find it difficult to believe that EPA wx>uld knowingly contribute to the de- 
mise of a segment of indu.stry on the basis of a decision to achieve a slightly ac- 
celerate<l retluction in lead emissions by an arbitrary date. It .seems all the more 
unthinkable that such a decision would ))e made at a time when the nation so 
desperately needs more, not less, refining capacity. Assuming, for example, that an 
aggregate of 100,000 l)arrels per day in refining capacity might be lost through 
shutdowns, that would mean additional deficit in crude oil refining capacity of 
more than 30 million barrels per year. To understand the potential overall impact 
on energy availability, one must add this to the more than 48 million barrels per 
year in additional crude runs needed to produce low-lead ga.solines of conven- 
tional octane. This means a potential deficit in caiKicity of more than 84 million 
barrels per year in 1975. 

6. Promulgation of a nctr. more restrictive lead phase-doicn schedule tcithout 
an opportunity for coniiiicnt hy affected parties irnuld he an unjust denial of 
due process. If, despite the evidence to the contrary, It is determined that a lead 
phase-down is needed, both the pro|>ose<l regulation and the supjwrting docu- 
mentation should IK* pul)lishe<l in the Fetleral Register for comment liefore final 
promulgation. 

7. Aequirseencc in the XlfDf suit could establish a dangerous precedent. Tinder 
the Clean Air Act. promulgation of control or prohibitions for fuels and fuel 
additives is entirely within the Administrator's discretion. KPA's apparent de- 
cision not to appeal the court order in the XRDC suit would mean abandonment 
by KPA of a principle that the agency has hitherto guarded with the utmost 
vigilance—namely, that EPA cannot be sued for failure to perform a purely dis- 
cretionary act. Such a legal precedent could have serious repercussions not only 
in the future implementation of the Clean Air Act. Imt throughout the federal 
system. 

These, briefly, are the major points troubling us. In view of the uncertainties 
concerning the tyiK's of automobile emission control systems that will be used in 
the future, the severity and duration of the current energy shortagre, and the 
complex army of other problems now facing petroleum refiners, we would ap- 
predate an opportunity to review these matters in grenter depth at your earliest 
convenience. 

Sincerely, 
NICK GAMMELOARD, 

Senior Vice President. 
Public and Environmental Affairs. 

Attachment. 
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As  reproduced  in The Oil  Daily,   January 29,   1973,   p.18. 

Mr. SATTERFIKLD. T think you answei-ed that question, but I know 
Mr. Heinz had earlier asked it of the jjentleiuen wlio preceded you, 
and was jjiven an answer to his question tiuit the more you phase down 
tlie octane, tlie preater savinjrs tliere is to tlie refinery. And I think you 
have answered tliat question. 

But let lue put it tliis way. Do you disagree with their assessment? 
Mr. CopitK-. Yes. 
Mr. Ci-KWKLL. Yes. 
Mr. (iAM]MEr.(JARi\ Yes. 
Mr. SA'm':RFiEU). I noticed that you mentioned very careful studies 

that you had. cnn;ineering studies, and you assigned a peirentage loss 
of gasoline on the basis of the emission controls that had been added. 
I observed that the witnesses who were heiv just preceding j'ou, indi- 
cated that the largest percentage of fuel loss was due to weight. 

I take it that you are in disagreement with that assessment? 
Mr. GAMMKIXIAIU). Mr. Satterfield. EPA lan a test on some 2.000 

plus cars. All of the raw data on which they based their report claim- 
ing about a 7-percent fuel penalty due to emission controls, was made 



available to technical people representing API, and we came up with 
a figure close to twice that much. And EPA in a i*ecent Societ]^ of 
Automotive Engincerin<r meeting in Detroit revised their original 
figure upwaids. I think, from about 7.7, or wliatever it was originally 
to 10 percent, whicli was not quite as much as our 13 or 14, but at least 
it was a 35-peicent increase in penalty over what EPA had originally 
said. But they certainly were good enough to let us have the raw data 
and statistically analyze it. and tiien have a good flow of information 
back and forth. 

Mr. SATTEKKIELD. Well I am no engineer, but I am an operator of 
an automobile. I have a 1973 model that weighs about 150 pounds more 
than my similar 1971 model. It has the same size engine. It has got 
pollution devices on it, and my gasoline penalty is more than 30 per- 
cent. I keep a very careful record of gasoline mileage. 

Mr. Copi-oc. Congiessman Satterfield, I would like to make a com- 
ment in coniiiCction with all of these comparisons which attempt to 
establish a fuel economy relationsliip between different types of cars, 
whether they contain catalysts and whether they do not. 

It is literally, in my estimation, impossible to get a valid set of data 
which will permit, for example, the tyi>e of thing which says that the 
1957-^7 cars at suoli and such a weiglit had such and such a fuel econ- 
omy, because there ha\c been so many changes in the construction 
both of the cars an<l the engiiM's that the valid comparisons arc very 
difficult. For example, GM's 13 percent is developed on a basis of a 
sales weighted average of their anticipated 1975 models against pro- 
duction 1973*s. They say actually current models in their presentation. 

Now, the current models of those cai-s do not. for example, contain a 
high energy ignition system. They do not contain the improved car- 
buretion. They did not as a rule have radial tires on them, which the 
1975 prototypes will. 

The comparison of significance, it seems to me in this matter, is what 
would be the comparison in fuel economy of cari5 manufactured in 1975 
to meet the 1975 interim standards with catalysts, to cars meeting the 
1974 standards without catalysts. Now, our estimation of that is that 
this difference is zero, plus or min\is 3 percent. I personally have made 
quite a study of this thing, trying to find this data. I have talked to 
the automobile companies about it. and I seriously doubt that there has 
been that compaiison actually nutde. Biit it is, I think, the comparison 
of significance. It is the only basis upon which you can judge the fuel 
economies and penalties. 

Mr. S.\TTEi{HEi,n. It seems to me any otlier comparison is like com- 
paring apples and oranges. 

Thank you very much. 
Thank you, Mr. Cliairman. 
Mr. ROGERS. Thank you. 
I am not going to ask many questions because the time is very late. 
I am at a loss to undcrstaml your saying that there would be a 3-per- 

cent crude loss if you take the lead out. 
Is that the statement you made ? 
Mr. Coproc. No. 
Mr. CLEWELI,. Three-percent gasoline loss. 
Mr. RooERs. Oh, 3-pcrcent gasoline loss. 
What, for the cnide. 
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Mr. CoppcK-. That coiivoits to nlx>ut I14 to 2 percent on a crude oil 
basis. Now. tiiis is what you are talking about. 91 research octane 
number unleaded pool. 

Mr. ROGERS. Yes. 
Mr. Coppof. AAHien the research octane nnml)er goes up. if yon at- 

tempt for example to regain this fuel economy by increasing com- 
pression ratio, which requires a higher octane number, and you say 
we are going to get that without adding lead, then the pcnnlty against 
crude increases quite rai)idly as you go up in octane number. 

Mr. RooKRs. Yes. 
Now—because I think on the Senate side Mobil did testify about 1 

percent. And I think Exxon  
Mr. CLEWKLL. One to two they said. 
Mr. RcKiEus. Well, it calculates a 1-percent loss in crude in produc- 

ing lead-free for 1975. 1976. And FJxxon was talking about the 91 oc- 
tane of coui-se, with very little oi- essentially no additional crude 
requirements. 

Now. I think this should be clarified in the record, because it is dif- 
ficult for us to know, if on one side you ai-e going to say one thing 
and then here we get. it different. I think we ought to have that 
clarified for the record. 

Mr. GAMMEI^..\RD. There is one basic fact. 
Mr. ROGERS. You can do that for the record. 
[The following letter and attachments were received for the 

record:] 
MoBii. OIL CORP., 

\ew York, X.Y., December 7, 1973. 
Representative PAUL G. ROT.ERS, 
Rayburn Hnnxc Office Rnilding. 
Washinffton, D.f. 

DEAR MR. ROOKRS : During; tlie API te.stimon.v l>ef()re tlie Snl>ci)niniittee on Pub- 
lic Health and Knvironnient of the Committee on Interstate and Foreign Com- 
merce on Deceml>er 3. 1973, we promised to provide additional advice on the fol- 
lowing points: 

1. Possibilit.v of Improved Recover.v of Oil from Existing Fields. 
2. Energy Conservation l>.v the Oil Industry. 
3. Crude Savings liy not Producing 91 Octane Unleaded Gasoline. 
Short statements covering eacli of tliese items are nttnolied. 

Sincerely, 
DAYTON H. CLEWELL. 

Senior Vice Pre»i<lent. 
Attachments. 

ATTACHME.NT 1 

PosBiBiUTiEs OP IMPROVED RECOVERY OF OIL FROM EXISTINO FtELns 

According to API data. 31.4 percent of our domestic known original crude oil 
resource in the ground of 430 l)illion Itarrels will ultimately t)e recovered using 
technology and economics prevailing in 1972. 

As the National Petroleum Council's report "I'.S. Energy Outlook" points out. 
"reserve additions resulting from improved recovery efficiency liave steadily in- 
creased". Their projections to 19W indicate that this increase will average 0.4.S 
percent per year, reaching 36.K percent l>y 198.5. Tlie study assumes nn average 
price of 3i6.67 per barrel. An average price of $8 jier barrel could accelerate tlie 
use of tertiary methods sufflcient to raise the recovery efficiency to 38.4 iiercenl 
by 1985 or an average increase of 0..'54 per year. Tertiary reserve additions liy 1985 
are projected at 8 billion barrels at the 0.43 rate of ainiual increase in recovery 
efficiency and 18 billion at the 0.54 rate. The.se translate to a producing capacity 
of 1.7 and 3.1 million barrels per day respectively. 

Stripper wells, those producing 10 barrels jier day or les.s. produced a total of 
412 million barrels of oil in 1972 (about 1.1 million barrels per day) or slightly 
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over 10 percent of the total domestic production. Higher crude prices will extend 
the economic life of many of these wells, increasing their ultimate yield. For 
example, a 50 percent increase in crude oil prices could increase annual stripper 
production rate by nearly H percent over a four-year period, reaching a level of 
nearly 32 million barrels of additional oil production \>er year. 

ATTACHMENT 2 

BNEROY CONSERVATION BY THE OIL INDUSTRY 

As noted during the API testimony, oil refineries consume 8 to 12% of the crude 
oil processed to supply their own energy requirements. Relatively small additional 
amounts are u.sed in oil producing, transportation, and marketing. 

With the present and future energy shortages oil companies are making serious 
efforts to reduce this energy consumption. As an example, Mol)il has had an inten- 
sified energy conservation program during tlie past year, Tiiis has identified many 
opportunities for energy savings from operational changes and from additional 
capital investments. This program will result in energy savings equivalent to 
13,000 Bbls/Day of crude oil or about 12% of Mobil's energy usage. 

ATTACHMENT 3 

CRUDE SAVINOS BY NOT PRODUCING 91 OCTANE UNLEADED GASOLINE 

A refinery equipped to make 91 Research octane number gasoline will savt 
crude If a lower octane unleaded gasoline Is produced and then lead added to 
bring the octane number back to 91. This would be the case in 1975 if the 1974 
emission standards were continued. The following comments provide explanation 
of this point. 

In preparing to produce 91 Research ON unleaded gasoline, refiners have in- 
stalled additional catalytic reforming capacity. This has l)een done either by ex- 
panding the capacity of existing units or by constructing new units. Also addi- 
tional tankage has heen provided to store and ship the new grade of ga.sollne. 

Catalytic reforming is a unique petroleum i)rocess which makes high octane 
gasoline out of low octane gasoline hy pa.ssing it over a catalyst at temperatures 
of over 900°^ and pressures of 250 to 500 jKiunds per square inch. In any refinery 
the catalytic reformer Is designed to produce a certain octane numl)er at a speci- 
fied thruput. However, by operation of lower temperatures, it can make lower 
octane numl)er ga.soline and more of it from the same thruput. 

The estimate used by the API "that al)out 3 percent leas gasoline can be made 
from the same amount of crude than could be made If the 91 octane gasoline were 
leaded" is based on the larger amount of crude used in making the higher octane 
number gasoline in catalytic reforming units. 

Mr. GAMMKIXIARD. Every refinery in the country is different. They 
have essentially the same types of units, but not the same capabilities 
at all. Some plants have a 93 clear octane capability. That would be an 
unusually good plant. Some small, older refineries, might only be able 
to make 83 clear. And what it then takes to get to 91 is a completely 
different animal for that small refinery than it is for somebody who 
spent millions of doUai-s modernizing his plant and putting in octane 
producing equipment. 

Mr. R00ER.S. Now, you operate from a pool, do you not, and begin to 
build from there ? 

Mr. GAMMELGARD. In a refinery, yes. But the pool in a particular 
refinery can be different from the clear gasoline pool in another refinery 
by quite a few octane numbers. 

Mr. RooERS. You have a question. T believe. 
Mr. SATTERFIELI). If you would yield just for one question. 
Mr. ROGERS. Yes. 
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Mr. SATTERFIELP. YOU mentioned some of the smaller refineries and 
some of the problems they had. 

Would this phase-down and the question of going to catalytic devices 
requiring nonleaded gasoline put any of these smaller refineries in 
jeopardy as far as continuing operation ? 

Mr. GAMMEIXIARD. "We think it would and we so pointed out to Ad- 
ministrator Train in the API letter T referred to [sec p. 60] saying 
that our figures and their own reports indicated they thought that 
maybe 12 to 20 small refineries might be put out of business on this 
lead phase-down schedule, just the phase-down schedide, not the re- 
quirement for an imleaded grade. And we pointed out that this is a 
pretty tough penalty, to put some'body out of business, just on phasing 
down lead in gasolne. And it also meant that you would lose roughly 
100,000 barrels a day of crude running capacity in putting them out of 
business. 

Well, when EPA came out with the regulations the other day, they 
gave the small refiners 2^^ years additional time to start tlie phase- 
down schedule. 

Mr. SATTERFIELD. Thank you. sir. 
Mr. KOGERS. I think it would be well to document which refineries 

those are. The committee. I think, would be intei-ested in pureuingthat. 
[See "addendum to testimony of D. H. Clewell, Mobil Oil Co.," p. 92, 

this hearing.] 
Mr. ROGERS. Now, it is my understanding, you disagree with the 

automobile companies as to what the fuel savings would be from the 
cars coming out as of the fuel now ? 

Mr. Coppoc. If you study what GM actually said in their submis- 
sion to the Senate Public Works, they do not come out and claim that 
a 197.') model manufactured to meet the 1974 standards without cata- 
lyst would be 13 percent poorer than a 1975 model manufactured to 
meet the 1975 interim standards with a catalyst would be. 

They say that that 13 percent came from estimating the fuel econ- 
omy of their 1975 catalyst-containing production on a sales-weighted 
basis against current models, against the fuel economy of current 
models. These 1973's are bad, you see. 

Mr. ROGERS. Yes; but as far as the pulblic is concerned, and as far 
as we are concerned with fuel consumption, they claim a i3-perccnt 
fuel benefit. 

Mr. Copi>oc. On that basis I disagree. 
Mr. Cr.EWELU We disagree on that basis. 
Mr. Coppor. Well, what they actually said was, the comparison, 

against the 1973, the current models, you ?ee, and that is not tlie com- 
jjarison, as Mr. Satterfield was i)ointing out. that we really need. 

Mr. CLE\\T;LL. What we are saying is, they could make their 1975 
cars without catalysts and not take a 13-percent penalty on those. 

Mr. Coppor. That is right. 
Mr. CLEVVEIX. It might be 2 or 3 percent, but not 13. 
Mr. ROGERS. Well, I presume there is built into the 1973 a 10-percent 

penalty. I think everyone admits that. You admit that. 
Mr. CLEWELL. Fifteen ])ercent. 
Mr. ROGERS. YOU say it is now 15 in the current 1973's. 
Mr. GAMMELGARD. About 13. 
Mr. Coppoc. These are both estimates. 



67 

Mr. ROGERS. Yes. So you are saying that even though the 1975, the 
automobile claims the 13. you are saying it is a 3-pei-cent benefit? 

Mr. CLEWFXL. AS far as the catalyst itself is concerned. 
Mr. GAMMKixiARn. Attributable solely to the catalyst. 
Mr. ROGERS. Yes. 
Mr. CARTER. If you could excuse me a moment, Mr. Chairman. 
Mr. ROGERS. Yes. 
Mr. CARTER. You are using 1973 as the base year? 
Mr. ROGERS. Yes; that is what they used. 
Mr. GAMMEIJOARD. That is what GM used, which we do not think 

is a valid comparison here. 
Mr. CLEWELL. YOU see, they are doing some other things besides 

catalysts. They are putting in high energy emission systems and better 
carburetors and things like this. 

Mr. GAMMELOARD. Steel lx;lted radial tires, for example. 
Mr. ROGERS. But many of those are required to go along with the 

catalysts. 
Mr. CLEWELL. No. Some manufacturei"s use them now. 
Mr. Coppoc. That was a mistaken impression which was gained. I did 

not specifically hear what was said on that. It is not in the written 
testimony. That impression was certainly around, but it is not true. 

Mr. ROGERS. Well, we will have the automobile companies here and 
go into that. 

Mr. CARTER. Would you yield for one question on that? 
Mr. ROGERS. Ceitainly. 
Mr. CARTER. Was this increased savings. 13..'» percent, on the amount 

of gas consumed per mile in 1973; that is, is it a saving based on the 
mileage obtained in 1973? 

Mr. Coppoc. Yes. They said that their 1975 cars, catalyst equipped, 
meeting 1975 interims would have 13 percent l;)etter fuel economy than 
did the current models. That was what they actually said, the 1973's. 

Mr. CARTER. Well, then that would be 13 percent of—of course, we 
have a 15-percent loss, as you maintain, in 1971. 

Mr. ROGERS. SO it is cutting it 13 jiercent. 
Mr. CARTER. NO. You have to take the 13 percent  
Mr. CLEWEIX. Depending on which, 13 percent of the top or the 

bottom, is what you are getting at. 
Mr. CARTER. Yes, sir. That is right. 
Mr. C1.EWEIX. Well, that is part of the difference. 
Mr. GAMMELGARD. Could I point out another fact? We have men- 

tioned it. but we certainly have not clarified it. And that is the sales 
weighted part of this prediction. If they are predicting—and I do not 
know what their prediction is in GM; they can say that for them- 
selves—but if they are predicting 35 percent very small economy cars 
in their 1975 product mix vei-sus maybe 20 percent in 1973, the ba.se 
year, this is a diffeient ballirame; and you are comparing apples and 
bananas. It just is not a fair comparison to make without explaining 
it fully. 

Mr. Ro<fERS. Well, now, let me ask you this because we will go into 
this with the automobile comiianies. What have you done to comply 
with the order of EPA to be able to provide the unleaded gasoline by 
1974? 
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Mr. Coppoc. We are ready. AVliat is i-equii-ed is the installation of 
catalytic reformere and other octane improving processes in refineries 
of hydrotreatinp units and modifying other units; and then in our 
case it was necessaiy to provide for the distribution of a third gi-adc. 
That means all the way from the refinery to the service station pump 
there is another system. 

Mr. RooERS. But the oil companies are prepared for this? 
Mr. Coppoc. I cannot speak foi- anybody but Texaco. 
Mr. CLKWEIX. Mobil certainly is prepared, and I think the industrj' 

generally is. 
Mr. G.\MMKix)ARD. It is moving to be prepared. 
Mr. ROGERS. SO it is already an accomplished fact. 
Mr. GAMMEIXS.\RD. It will lie an accomplished fact I will sav by 

July 1.1974. 
Mr. Ror.ERs. Well, that is when it comes on line; but I am saying 

as far as the steps taken in the refineries themselves, any equipment 
or changes, you have done this? 

Mr. Ci.EWEij/. Right. 
Mr. ROGERS. SO tiiat is already done ? 
Mr. Ci-EWELi,. Yes. Now, that enables us to make 91 octane unleaded. 
Mr. ROGERS. Yes. 
Mr. CT.EWELL. But we can also take that 91 unleaded and add some 

lead to it and have a better gasoline because it will [ye higher octane, 
and then with an increase in compression latio we would really begin 
to save on gasoline. 

Mr. ROGERS. Yes; but your cars are not being made to run except 
on 91 and have not been since 1973. We just had that testimony. 

Mr. COPPOC. 1971. 
Mr. ROGERS. 1971. 
Mr. CLEWEI.L. Right, l)\it we are saving they could change some of 

them by 1975, probably all of them by i97f). 
Mr. ROGERS. But that does not get over the immediate problem hero 

of 1974. 
Mr. CLEWELL. No, nothing does that. 
Mr. Copi*oc. Nothing does that. Those curs are in the  
Mr. CLEWELI-. Except conservation. 
Mr. Copi'or. Except a suggestion from over hei-e that you might 

want to just take them off; and I am not going to i-ecommend that. 
Mr. ROGERS. Well. I am not sure. There is testimony that that 

would catise a penalty, too, in building your 1974 or 1973, which you 
say is 15 percent. So I do not know where that would get us. 

I was concerned al>out distribution. How are you going to get ail 
of this out? I understand it can be done by using a flush technique 
to g(»t the lead out of your tank in tlie filling station to get it prepared, 
and then of couree maybe by a different size nozzle or  

Mr. Copi-or. That is in the regulation. 
Mr. ROGERS. It would seem to me if we are in a shortage it might 

be easier to get a system like that going than if we had an overage, 
because you will have some tanks that probably would be empty 
which they could use to flush out some of your tanks; cars you would 
not have to use because you do not iiave as much to deliver. 

So this might be a very good time to make this adjustment, would 
it? 
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Mr. CLEWELL. NO. I would say no. 
Mr. ROGERS. Wliy not ? 
Mr. CLEWELL. Let me say tliis. Althou<rli wo arc prepared to do it, 

say we do not have to do it, we can make more pasoline as a result of 
not having to do it. 

Mr. ROGERS. You can do what ? 
Mr. CLEWELL. We can make more gasoline. Wo can make 91 leaded, 

and this would give us more gasoline than we have now. 
Mr. ROGERS. Well, it depends on what savings after that is put in 

the automobile. Now, I understand the testimony from Exxon and 
Mobil has been () to 1 percent. Now, we aie not losing the fuel use. It 
is simply that into gasoline, is that not correct? In othei- words, you 
have a byproduct that you can use. Maybe LPG or different types 
of energy could come from that, could they not? 

Mr. CLEWELL. Yes. That is only partially true, though. The thing 
is it takes about 8 to 12 percent of the energy that goes into a refinery 
that we consume right there j\ist to do our proce»ssing. 

Mr. ROGERS. Yes, I understand that ? 
Mr. CLEWELL. Now, when we have to do more processing to make 

this octane unleaded instead of leaded, it usually takes a little more 
energy that you just burn up and it is lost. 

Mr. ROGERS. Yes, but would it not take a lot moi-e energy if you went 
up to a higher octane ? 

Mr. CLEWELL. Unleaded, yos. 
Mr. ROGERS. What about leaded? 
Mr. CLEWEIX. NO. 
Mr. ROGERS. It would not require any more? 
Mr. CLEWTCLL. NO. YOU just add lead. It is an additive you put in. 
Mr. ROGERS. NO more fuel required in the refinery? 
Mr. CLEWELL. NO. 
Mr. ROGERS. Just tlie adding of lead. 
Mr. CLE^VELL. Right. 
Mr. Coppor. May I come back ? You asked a question in a manner 

in which maybe we misunderstood; but you see, even thoiigh we are 
equipped as an industry presumably to make 01 research octane num- 
Iwr clear gasoline, we could make, usinsr a loss stringent o]>eration on 
the catalytic reformers which are the basic imits which were put in 
in Older to do this, if you operate those at a lower conversion level, 
you do not come out with as high a clear octane number; then you get 
more of that. It is the same old l)>isiness. It is aliout 2 percent more that 
you set when you-—instead of coming out with 01 research octane 
number clear as the whole thing, you come out aroiuid 88. 87, and in 
some cases in our calculations you can e\ en go down to 8.5 and add 
21/i grams of lead to a gallon of gasoline and come back up to the 
octane you want. 

Now. this is what you can gain right now. If you do not have to 
make the 01 research octane numl)er unleaded available, then there is 
this additional processing loss which would be available to you. It is 
ft loss when you make it unleaded. It is a gain when you can lead it and 
come back. That is available immediately. 

Mr. ROGERS. Yes. 
Mr. IIETN-Z. Would the chairman yield for one question at this 

point ? 
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Mr. ROGERS. Certainly. 
Mr. HEINZ. Regarding the penalty that we arc experiencing, or we 

may expect to experience in the calendar year 1974 with respect to 
unleaded gasoline. I believe if I have my assumptions right you said 
that tlie difTerence between going from an 88i/^-percent octane, re- 
.search octane, to a 91-percent octane unleaded was on the neighbor- 
hood of 2-percent penalty in terms of crude. Is that right? 

Mr. Coppoc. About. 
Mr. HEINZ. One to two. something like that; 1 to 2 percent? 
Now, clearly not all of the automobiles arc going to require either 

low lead or unleaded gasoline in 1974. A^Hiat do your statistics indi- 
cate is going to be your penalty, the penalty attributable to unleaded 
gasoline next year in 1974 in terms of barrels per day crude oil 
equivalent, if you can. or gallons of gasoline, if you will. 

Mr. Coppor. Go ahead, Dayton, if you have got it. 
Ml'. CLEWEI-U Maybe you could add to it^ but there are two things 

to con.sider—first, the number of cars that are going to be equipped 
with catalysts; then in addition to that, some of the automobile manu- 
facturers are saying that even though some of the cars will not have 
catalysts on, they are still going to equip all their cars with small 
diameter fill pipes so that they will take unleaded gasoline only, even 
though some may not require it because they won't be catalyst equipped. 

You will have to ask them why tliey are going to do it. but neverthe- 
less, they are. 

Mr. HEINZ. Thank you. I will try that. 
Mr. CLEWELL. So this would mean then there is quite a bit of un- 

leaded gasoline required for the 1975 cars as they come out. 
Mr. HEINZ. "Wliat do your marketing people tell you you are going 

to sell in terms of unleaded gasoline next year, or in 1974, calendar 
1974, or if it is easier for you. the 1975 model year? 

Mr. CLEWELL. Calendar 1975. 
Mr. HEINZ. YOU would like to do calendar 1975, which is more than 

a year from now ? 
Mr. CLEWT.IX. Right. 
Mr. HEINZ. You do not have a figure for 1974? Can you give me both 

1974 and 1975? 
Mr. HE-ATII. Sure; 1975 is about 25 percent of the total gasoline will 

be unleaded, total demand. 
Mr. HEINZ. That is your sales ^ Your sales will be 20 percent un- 

leadexl ? 
MI-. HEATH. Mobil sales will be less than that. Mobil sales will be 

about 14, but theie are some companies in the industry who only mar- 
ket two gi-ades of gasoline; and when they put out their unleaded 
grade, they are going to have a lot of their regular customers using it 
because they have no choice, and their sales will be much higher. 

We are estimating the industry will be 20 percent. Mobil will be 14. 
Mr. HEINZ. Hut most gas stations have three grades. You are going 

to be selling 14 percent because that is all there is. 
Mr. HEATH. But there aie going to be a few companies that are 

going to be selling 40 or .50 percent, 
Mr. HEINZ. And that is in 1975. so it would be less in 1974. 
Mr. HEATH. In 1974 it will be much less, because currently with no 

catalyst cars it runs around 3 percent or less, and the 1975 models come 
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out in what, September, October—it would be very little. Calendar 
1974 will probably be less than 5 percent unleaded gasoline. 

Mr. HEINZ. Thi-ee to five percent t 
Mr. HEATH. Yes. 
Mr. HEINZ. OK. 
From those luunbei-s I guess we can work out what the actual 

penalty is in terms of barrels. I am not enough of a sharp pencilman to 
be able to do it. 

Mr. HEATH. AVe submitted to the Senate committee, we said 16,000 
barrels a day of crude in 1975. 

Mr. HEINZ. Ki.OOO barrels a day in 1975 crude equivalent. 
Mr. HEATH. Yes. 
Mr. HEINZ. All right. 
That is very helpful. I thank you very much, and I thank you, Mr. 

Chairman. 
Mr. ROGERS. Thank you. 
"What is the fuel cost to produce tetraethyl additives? 
]Mr. Coppoc. I do not know. 
Mr. GAMMEIXIARD. I do not know. 
Mr. CLEWEIJ-. YOU would have to ask Ethyl that. 
Air. ROGERS. AAHiat do you pay for it ? 
Mr. HEATH. Two-tenths of a cent per gram. 
Mr. ROGERS. And how much will this be reduced would you think 

under unleaded and reduced lead regulations? Would this be a reduc- 
tion of costs to you and then to the consumer, I presume ? 

MI-. HR\TH. TO get octanes any other way is more expensive so it is 
going to cost the company more or the customer more when we have 
to take lead out and make the same quality. 

Mr. ROGERS. Well, now, just a minute. How many are vou going to 
require ? How much of the higiicr octane are you going to have to make 
when thoy have been making 91 octane motors since 1971 ? 

Mr. Copi'oc. They could all be leaded. They could all use leaded 
gasoline. 

Mr. GAMSIELOARD. And have been. 
Mr. ROGERS. But they do not have to be. They can also use unleaded, 

can they not, 91 ? 
Mr. Copi-oc. Thev caii use anything that has 91 research octane. 
Mr. ROGERS. Well, that's what I uuderstaud: so now how nuich are 

you going to produce of 91 octane gas and liow nnicli are you going 
to protluce then of the iiigher 98 octane gas i 

A^Huit would MOHHI do? 
Mr. HEATH. We have estimates of winit our demand will bo in 1974- 

75 for these other grades. 
Mr. ROGERS. Yes. 
Mr. HEATH. I do not rememlH>r them e.xactly at this point. 
Mr. R(KiERs. Well, I understand. I would not expect you to. But 

on a general run. what would they be, just in bi'oad figures? 
Mr. PIEATH. In 1974 we are running about ^4 percent premium, 

which wo\dd be 99 octane, and around 3 percent of a low lead grade, 
and the rest of it is regular at 9-3 octane. Does that answer your 
question? 

Air. ROGERS. Well, that is for 1974. That is just when you are coming 
into the required i-egulations. What about 1975 and 1976? 



72 

Mr. HEATH. In 1975 the premium demand ^oes down a little bit 
Ijocause tliis is largi'ly foi- old cars. It will piobably come down to about 
30 percent. We said iiO percent unleaded, and the balance will he leaded 
i-ejrular. 

Mr. K(KiKRs. "Wliicii requires a snnill amount of lead, is that right? 
Mr. HKATII. AVC are using sometiiing around 2 grams today. 
Mr. RcKJERs. About 2 grams. Would you anticipate doing tliat? 
Mr. ITEATII. We would anticipate staying at fairly high lead levels 

because we can make moie bari"els of giisoline that way. 
MI-. CoriHic. That is right. 
Mr. Ro(!ERS. How much more could you make if you can make un- 

leaded at 91 ? 
Mr. HEATH. I am not sure I understand the question, sir. 
Mr. RocEKs. Well, as I understood it, it takes a certain amount of 

energy to make 91 octane for your own ust\ It requires no more to 
make 98, no more fuel. 

Mr. {'opi'oc. Not if 3'ou do it with lead. 
Mr. GA>fMEi.(}ARi). Not if we can use lend. 
Mr. Roc.EKS. By just putting lead in it. 
Mr. CLEWELL. Right. 
Mr. RofJERs. So it is not going to be any more energy use either way. 
Mr. HEATH. Well, let's talk about tliis .50-percent regular. It is 93 

octane. If we take the lead out of that, it is down around 86 octane. 
Mr. ROGERS. Well, can you not make it 91 like you do the other? 
Mr. CLEWEU,. NO ; we would lose gasoline. 
Mr. ROGERS. How much do you lose going from 91 to 93? 
Mr. HEATH. Unleaded? 
Mr. ROGERS. Unleaded. 
Mr. HEATH. About 1 percent. 
Mr. ROGERS. About 1 percent. Would that he general thronghout 

the industry? 
Mr. HEATH. I would think that it is difficult  
Mr. Coppoc'. Pretty m\ich. if I could take that guess. That is kind 

of the number most jieople say. 
Mr. ROGERS. Sure. All right. 
What are we now exporting in petroleums? 
Mr. GAMMELGARD. I do not think I have an answer to that. Mr. 

ChaiTinan. 
Mr. ROGERS. AVho woidd know? 
Mr. GAMMELOARD. Tiie Interior Dej^artment, I believe, has been 

gathering some data on who is exporting what to where; and I think 
there definitely have Ix'en some instances recently where cargoes of 
distillates Imve l)een sold in the pAiropean market because of a very 
fancy piofit on it. And I do !\ot know the companies. We do not 
keep figures on who sells what to wlio. But the Department of Interior 
undoubtedly has this documented. It is a very small quantity, but 
ne\ertehless it is something that emotionally runs rather high. 

Mr. ROGERS. I just wondered, because we had been asked that. Do 
any of the companies know, are any of your companies exporting? 

Mr. Coppor. Not that I know of. 
Mr. HEATH. Exporting what sort of product? 
Mr. Coppoc. When you void the little bit that goes back and forth 

across the Canadian bordei'. for example  
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Mr. ROGERS. Fuel oil. distillate products, and gasoline. 
Mr. CLKWKLI,. Liihiicauts, liihc oils. 
Mr. RoGKns. Lubricatinjc; oils^ 
Mr. CLEWKM.. Lubricants themselves. 
Mr. ROGERS. Yes. 
Mr. GAM>iEixi.\nD. I do know of one export deal that has been go- 

ing on for some years now that just came to mind. That is out of 
southern California's reHnin<r center in the T>os An<relcs area where, 
because of the sulfur restrictions in the atmosphere there, they can- 
not sell some .5,000 barrels of residual fuel oil they make, so the Mexican 
powerplant down the coast some 50 or fiO miles is veiy pleased to buy 
it and have been doinj,' this for some yeais. And maybe this winter 
people in I.iOS Angeles might think that that would be pretty nice 
stuff to have to keep theii' lights burning. 

Mr. R(HiERS. 1 wondered. I heai- that ])erliaps more ciude could be 
extracted from existing wells. You will have to tell me as I have no 
way of knowing. It has been said that when a late of recovery reaches 
a cei-tain point, the well is capjK'd because the profit is not as great, 
although there is still some profit margin to be made. 

Is that true? 
Mr. Ci.EWEi.i.. That is partially true. 
Mr. ROGERS. I)O we have an estimate of what the reserves from those 

wells are where we have lecovered a pait but could not perhaps recover 
more? 

Mr. CLEWKFJ.. AVell, it is probably available, but I do not have it 
now; but T would like to make sort oi a general statement on that point 
now. 

Mr. ROGERS. Sure. 
Mr. Ci.EWEM.. Today on the average in the United vStates—and I 

am talking about the southei-n 48 States—the recovery of oil from the 
reservoir will run around .'51, 3'2 percent, meaning the rest is still down 
thei-e. Now, the reason that that much is left there, it is an economic 
limit to try and get more out. ¥o\- example, in the case of a wat«r 
flood where you are putting water in a reservoir and 98 percent of 
the material coming out is water and only a little bit is oil, you lose 
money to continue so you stop. 

Now, however, as the i)rice of crude oil goes up, you c^n go further 
than that. Your economic limit is stretched oiit. There are techniques, 
for example, that we have had under development in research for a 
numbei' of yeai's foi- i)utting chemicals into the flood waters, which will 
enable you to wash out a gieater ]>ei'centage of the oil. The only thing 
is those chemicals cost money. 

Now, as soon as the price is up enough to pa}' for those chemicals 
that we have to put in theie. we will be able to recover more oil. 

Now, as far as what does this mean, estimates have l)een made that 
perhaps you co\dd have as much as a half of a percent or maybe three- 
quarters of a percent increase per year: in other words, i\ui this 31V^ 
maybe up to 32 in a year as a lesult of these price increases, or not 
necessarily price increases, but by the application of these new tech- 
niques. 

They feel that in a matter of years, lets say, 15, 20 ye^i-s and so 
on, we may get tliat 32 percent up to aiound 40. 42, 45 even; and all 
of this is n ]>ercent«ge of a [)retty big base of oil that we have down 
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theip. So it is an important consideration in terms of ijicreasinji our 
supplies. 

XIr. RcK'.Kiis. That is vpiv helpful. And I think if you could for the 
i*ecord {jixd us some i)rojections of what that would mean, like as you 
say. as a bejiinninfr, mayhe half of 1 i)ercent, if you could project that 
for us. 

Mr. C^oppoc. That is an extremely difficult question you just asked 
for. 

Mf. K(K;KKS. I am sure it is not easy, 
[The foUowiufj information was received for the i-ccord :J 

U.S. CRUDK Oil. RESERVE DATA 

>5mirc-e: "Reserves of Crude Oil, Natural Oas Liquids, and Natural Gas in 
the tiiiited States and Canada and United States Prodnctive Capacity as of 
December 31, li)72." 

Vol. 27, May 197.3—I'ulili.slied jointly by: American Oas Association, Auierlcau 
I'etroleum Institute and Canadian I'etroleum As-sociation. 

UBFINmONS 

Frovcil Rcnervcg of Crude Oil. Proved reserves of crude oil as of December 
31 of any Riven year are tlie estimated quiuitities of all liquids statistically 
defined as crude oil, wliicli geoloKical and engineerlnR data demonstrate witli 
i-easonable certainty to be recoverable in future years from known reservoirs 
under existiuK economic and operating conditions. 

Resen-oirs are considered provwl if economic i)rodncibility is supi>orted li.v 
either actual production or conclusive formation tests. The area of an oil reser- 
voir considered proved includes: (1) tliat portion delineated by drilling and 
defined by gas-oil or oil-water contacts?, if any ; and (2) the immediately adjoin- 
ing portions not yet drilled but which can l)e reasonably judged as et-onomically 
productive on the basis of available geological and engineering data. In tiie ab- 
sence of information on fluid contacts, the lowest l<nown structural occurrence of 
hydrocarbons controls the lower proved limit of the reservoir. 

Reserves of cnule oil which can be produced economically throngh applicii- 
tion of improved recovery techniques (sucli as fluid injection) are included in 
the "prove<l" cln.'ssificatlon when successful testing by n pilot project, or the 
operation of an installe<l i>rograni in the reservoir, provides support for the 
engineering analysis on which the project or program was based. 

Bstimates of proved crude oil reserves do not include the following: (1) oil 
tliat ma.v l)ecome available from known reservoirs but is rei)orted .'separately 
as "indicated additional re.ser\-es": C2) natural gas liquids (including con- 
densate) ; (3) oil the recover.v of which is subject to reasonable donbt l>ecause 
of \uicertainty as to geology, reservoir characteristics, or economic factors; (4) 
oil that may occur in untested pro.spects: and (r>) oil that may be recoverwl 
from oil shales, coal, gilsonlte and other such sources. 

Crude oil i)otentiaIly available from the.se sources is reported as "Indicated 
ndditinnal reserves." The economic recoverability of these reserves is not con- 
sidered to be e.stabli.shed with .sufficient conclusiveness to allow them to l)e in- 
cluded in proved reserves; however, if and when improved recovery techniques 
are successfully applied to known reservoirs, tlio corresponding indicnte<l addi- 
tional reserves will be re<"lassified and added to the inventory of proved reserves. 
The "indicated additional resen-es" are reported separately from "proved" 
reserves to provide continuity to the i)roved reserves' statistical series. 

Indicated additional reserves do not include reserves associated with acreage 
tliat may be added to the area of a proved reservoir as the result of future 
drilling. 

rvifiratrtf Additional liexcrren. With the present state of indnstry technology. 
certain qiiantities of cnule oil Cother than those defined and reported as proved 
reserves) may l)e economically recoverable from the following iwtential sources: 

Known productive reservoirs in  existing fields expected  to respond  to 
Improved recovery techniques such as flnid injection where (a) an improved 
recovery technique has been  installed  hut  its effect cannot  .vet  be  fully 
evaluated: or (b) an improved technique has not been installed but knowi- 
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edge of reservoir characteristics and the results of a known technique 
installed in a similar situation are available for use In the estimating 
procedure. 

DATA 

Summary data pertaining to reserves of crude oil in the United States for 
the year 1972 as follows: 

CBUDB OIL 

(Thouganils of Barrels of 42 U.S. OaHonit) 

Total proved reserves of crude oil as of Dec. 31, 1971 38,062,957 
—    I       — 

Additions to proved re.serves in 1972: 
Revisions of previous  estimates  820,107 
Extensions of old re.servolrs  459,311 
New reserves discovered in new fields  123,210 
New reserves discovered in new reservoirs in old fields  155, 220 

Total proved reserves added in 1972     1,557,848 

Total  39, 620, 805 
I-«S8 production during 1972   (3,281,397) 

Total proved reserves of crude oil as of Dec. 31, 1972 36, 339, 408 

Net change in proved reserves during 1972  (1,723,549) 

.4dilHional information: 
Indicated additional reserves as of Dec. 31, 1972    5,190, 257 

[See also letter dated Dec. 7, 1973, from D. H. Clewell, Mobil 
Oil Corp., p. 64, this hearing.] 

Mr. HEINZ. Mr. Chairman. 
Mr. ROGERS. Yes, Mr. Heinz. 
Mr. HEINZ. I have a question, and I will be brief. Just to follow what 

you are working on there. I just wanted to get one assumption clear. 
We were talking about a 16,00()-barrel-a-day penalty for 1975, as I re- 
call, if that is correct. If we assume consumption of 17—excuse me— 
of 7 million barrels per day in 1975, my calculations show that that 
would work out to a bit less in 1975 than one-quarter of 1 percent of 
all of the gasoline that we might expect to use in that year. 

Would that be correct? 
^fi-. HEATH. It sounds reasonable. 
Mr. Coppoc. You see, that was for a projected 20 percent unleaded 

gasoline. 
Mr. HEINZ. That was based on the 20 percent. 
Mr. Copi*oc-. So if you multiply the 16,000 barrels a day by 5 you 

<'oine up to 80,000 barrels a day, wliich is in the range that we had esti- 
mated for the total. It is not too far off. 

Mr. HEINZ. SO that would be correct. And if you multiplied that— 
convei-sely. if you nniltiplied that 16,000 barrels by 365 days you 
would get about 6 million barrels, which at the astonishing rate we 
utilize petroleum in this country is 8 hours' supply. 

I thank you. 
Mr. ROGERS. NOW, my last question: What does it actually require 

in the way. say. of bariols of oil to refine barrels? Somewhere in the 
range of 2 barrels for 10. or what? 

Mr. GAMMEr.r.ARn. Fuel equivalent* 
Mr. ROGERS. Yes. 
Mr. GAMMELOARD. About 10 percent. 

J9-272  O - 74 - 6 
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Mv. Corroc. About 10. depending on wliat yon ai-p <rettin{r out of 
your refinpiy. how complicated it is, wliether you have petrochemical 
establishments or not. We take the number 8 to 12 percent, and it covers 
eveiythinp from a nice little simple fuel refinery np to a pretty com- 
plicated one. 

MI-. RofjERs. Has this amount been reduced over the years? 
Mr. Ci.KWEi.L. It is beinjr reduced pretty rapidly right now. 
Mr. ROGERS. I just wondered if any research had been done to re- 

duce it. 
Mr. Ct.EWEU,. Oh, yes. 
Ml". ROGERS. ^A''ould you let us have something on the record for 

that, what progress we are making? 
Mr. (lAMMEixsAKD. T think we can. At the midyear refining meeting 

this yeai' there were two papers given which had a target of 1.5-percent 
reduction in the fuel consumer refinery as being an attainable, a tough 
goal. 

[Testimony resumes on p. 88.] 
[The articles referred to follow:] 

OIL REFINERY DESIGN CONCEPTS FOR ENERGY CONSERVATION 

(By J. B. Hayden nnd W. H. Severs) ' 

INTRODtTCTION 

The concept of eneixy conservation in a refinery i.-^ not new—we're merely deal- 
ing with the 1078 model. The 'lia.sic ]>ro1)leins and incentives continue to lie per- 
tinent—we strive for minimum u.se of energy consi-stent witli related economic 
factors. However, sui>erirai>osed on tliis are environmental asjieots Avhlcli, while 
always i>resen't, have now assume<l a con.sideral>ly more signiflcaut role thon 
previously. 
Scope 

Tills |)ai)er annlyzes in depth the criteria followed on initial constniction and 
recent expansiim of our Pascagoula Reflnerj- nwv rated at 280.000 BPOD of crude. 

In developing the various data we liave analyzed and grouped related factors 
to facilitate olitaining Imtli an ovprail view of the energy picture and detaile<l 
several si)eciflc examples of system and equii>nient selection. Data are based on 
adtual .studies develojied during plant design studies. 

Thus our analyses and conclusions are based on criteria ni>plylng to Pascagoula. 
However, the principles involved are universal, .so long as one imderstands that 
there are typically several alternative.'! near optimum nppronches to effective 
energy utilization in a large refinery. 
Fundamental Concept» 

As a means of setting the scene for consideration of specific examples there are 
.several fundamental <"oneepts tliat should l>e l>ome in mind. They provide an 
overall view of the refinery nnd include the following: 

1. A refinery can l)e considered as n mammoth energy refining process. We 
take crude oil. add conditioning energy, nnd produce salealtle fuels and petro- 
chemical products of various tyi'es. 

2. A refinery can he considered on the l)a.sis of an overall lient halflnce. witli 
internal systems then singletl out and considerefl ns contrihuting to tlie total. 

3. Based on (I) alvove. our nnnl.vses con.slder the u.se of Rtu'H as the 
fundamental energy unit. Without initltiUy concerning ourselves with the 
source (i.e.. fuel oil, natural gas. process gas. electrical energy, etc.) 

The foregoing concepts facilitate optimizing refinery energy balance criteria 
and pennit ready compari.son of a refinery with other manufncturing processed! 
utilizing large amounts of energy in the form of oil. gns, coal, and nuclear reac- 
tions. Thus we not only develop criteria for annl.vzing and optimizing a refinery 

' Standard Oil Compnn.v of California, EngineerlnK Department. San Francisco. Calif. 
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as such, but we can also cmupare our industry's ability to process energy as com- 
pared to others. As you will see, the iietroleum industry compares quite favorably. 
This is a message we need to get across tx) Uie public and government groups, 
inirticularly during the current period of impending energy crisis, when fuel (Al 
offers the best sliort-term solution. 
Th c Overall Pict nrc 

FVirtunately for our purix>ses our Paacagoula Refinery Is largely a fuel pro- 
ducer so relatively minor adjustments were requlre<l to compensate for non-fuel 
producing facilities such as n paraxylene plant, sulfur plant, and a large am- 
monia plant. Figure 1 is an overall block flow diagram illustrating the retluery"s 
major plants and product slate. 

A typical overall refinery energy heat balance case is shown on Figure 2. The 
input of methane and nitrogen from tlie air in addition to the crude oil accounts 
for the output of 238,000 BPD as compared to the 225,000 Bl'D input. However, 
the energy content of the end product is less tlian the input energy, so we don't 
have the equivalent of perpetual motion. In any event, the saleable products 
are produced at the expense of a rather modest 9% of the total energj- input 
for a 91% conversion efficiency. By comparison the Lurgi coal gassification proc- 
ess has a 68-70% conversion efficiency. [1] 

Carrying on beyond tlii.s, the hest thermal power plants have a 40% conversion 
efficiency—i.e., coal to electrical energy. The 1910 average for thermal power 
plants was only 30% [2]. Admittedly electrical energy is a very versatile "prod- 
uct," but petroleum-based fuels and i)etrocliemicals are also versatile and are i>r<>- 
duced more efficiently and economically from oil than from coal. 

If we consider useful work produced in the form of space heating, the overall 
energy cycle via the refinery route conies out at about CO-70% efficient in heating 
applications, as shown on Figure 2. By comparison tlie eomi>aral)le thermal power 
plant—electrical energy cycle has about 26% overall efficiency based on the 1970 
average for thermal plants. This increases to 34% overall efficiency using a top 
thermal plant electrical energy generation efficiency of 40%. Tliis is true even 
though electrical energy can be converted to heat with 100% efficiency. 
Optimum Energy Balance 

One of the primary factors in conserving energy in the Pascagoula Refinery was 
early evaluation of alternative basic heat cycles. Only by having maximum design 
flexibility can we hope to economically conserve energy. Processes must be 
flexible to the point that they do not prematurely dictate what energy cycles are 
feasible. Fuel supplies and utility .systems must be the result of economic energy 
evaluation not dictated by other factors such as arbitrary decisions to purchase 
power, install in-i)lant fired boilers, etc. Both the foregoing and following design 
concepts attest to the results possible through implementation of this approach. 
Comparison of Alternative Energy Cycles 

In developing areas where refineries can conserve energy there are three basic 
options available: 

1. Improved mechanical energy conversion In drivers for pumps, com- 
pressors, and fans. 

2. Improved i)rocess heat recovery. 
3. Inijiroved process energy conversion using better catalysts, etc.  (not 

considered within the soofje of this paper). 
We will concentrate on the first two categories. Alternatives are Initially 

considered from an overall refinery standpoint, then for specific representative 
plants, and finally for various energy loops within n plant. Through this sequen- 
tial approach we are able to arrive at more objective answers than if the -se- 
quence is reversed. That is, we do better to let the answer develop, as compared 
to an approach that starts with plant energy loops and proceeds to synthesize 
the overall picture. This latter approach can lead to higher costs and some rather 
iinfortnnate steam balance and electrical energy combinations. 

As a starter, we will consider several overall alternative energy cycles. In 
annlyzing the.se we will find that our existing refineries are reasonably efficient, 
but that there is considerable room for improvement. To set the stage. Figure 
3 brackets the alternatives and illustrates what can be considered as the ex- 
treme cases. 

First of nil it shows that our energy cycle for refinery utilities could theoreti- 
cally have 76'/< efficiency if waste heat streams were more effectively utilized. 
On the other band a case utilizing essentially all-electric motor drivers operat- 
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lug on purchased power would have only a 23% efficiency. Refineries actually 
operate some place between these limits. 

The most efficient cycle consists of a gas turbine driven generator with a full 
supplemental fired waste heat boiler. High-pressure steam is produced and let 
down through a steam turbine to the pressure level required for pr<x!ess heating 
while driving another generator. This cycle is optimum for refinery use if all 
the heat of condensation can be used for process heating. 

However, in a typical refinery and in particular at Pascagoula, not all of this 
steam can l>e utilized for process heating and must be used in condensing tur- 
bines. This significantly reduces the c^cle efficiency. Figure 4 Illustrates the bal- 
ance of turbines, motors, and process steam consumption achieved at Pasca- 
goula to date. The .S8% overall efficiency achieved is considered below the ideal 
cycle liut well above that for a typical electric cycle as well as higher, we l»e- 
lleve, than most refineries. 

Tlie four gas turbine generators coupled with waste heat boilers are a big 
factor in the energy picture. They also reduced initial capital investment since 
they are owned and operated by the local utility company. They are located in 
the refinery where steam can be economically supplied to the refinery .system. 
The utility coniimny supplied Iwllers made it unnece.ssary to add any new refin- 
ery l)oilers following initial plant construction. Furthermore, having a full 
cajMicity backiip tie to the utility coniapny"s main 110 kv power grid coupled 
with a i>r()granimed refinery load shetl system jjrovides above average electric 
IK>\ver reliability for critical plants. 

We hope in the future to improve tlie cycle efficiency even more. With the 
addition of more power and steam demand Gas Turbines 3 and 4 can be fully 
loaded and their waste heat boilers fully supplementary fired. This will signifl- 
enntly increase this cycle efficiency. 

In addition, a CO boiler generating high-pressure steam which would be let 
down through a steam turbine coupled to a generator could 1H' installed. Since 
CO is waste steam, the heat recovered from it Is not considered as input energy 
Into the refinery. For this case the resulting cycle efficiency based on the iwwer 
and steam out over the fuel gas required is greater than 1007P. 

The net effect of fully loading Gas Turltines 3 and 4 and adding a CO boiler is 
to increase the overall efficiency to 42% as shown on Figure 5. As the cost of 
energy increases we will find more ways to justify higher efficiencies. 

In considering alternative means of minimizing refinery energy consumption, 
the Pascagoula hydrogen manufacturing plant is worth reviewing. Figure C 
Illustrates the variety of combinations available in this one plant. It contains 
examples of several interesting pos.sil)ilities, while other plants tyi)ically have 
only .some of tliese. The plant has an unusually high utility cycle efficiency 
of 71%, which is considerably better than tlie 42% obtained on the cycle shown 
on Figure r> and approaches the 76% cycle efficiency considered as the optinmm 
practicable shown on Figure 3. 

The refinery also includes a large ammonia plant that generates 900 i>si steam 
and utilizes another gas turbine compressor driver plus a 32,000 hy steam tur- 
l)ine. The net effect of this arrangement is that the plant is nearly .self-sufficient 
from a utility standpoint. Because of its .similarity to the hydrogen plant we 
have not included any detail on it. Since ammonia is not a "fuel", we included 
it in the overall refinery balance by talcing the equivalent energy in the hydro- 
carbon components had they l)een converted into fuel products. 

The foregoing should provide some basis for analyzing plants that exist in 
other refineries to .see how well they compare to examples given. 
Heat Recovery Posnihiliticii in a Crude Unit 

So far we have dealt with energy conservation in more or less general terms. 
5Iore s|>ecific examples are ilhistrated in F'igures 7 and 8. Tliese figures com- 
pare the energy requirements for our No. 2 Crude Unit with No. 1, built some 
seven years earlier. Both units have the .same rated capacity, so the comparisons 
are particularly meaningful. Furthermore, since crude units are large energy 
consumers, the degree to which the refinery conserves energy is largely depend- 
ent on the design concepts built into the crude units. Accordingly, tlie following 
paragraphs and Figures 7 and 8 compare these two plants. 
Factorx Considered 

The basic design objective for the Pa.scagoula No. 2 Crude Tnit had been to 
duplicate the existing No. 1 Crude Unit. The No. 1 Crude Unit had a demonstrated 
maximum throughout of 145,000 BPOD. As the design of the No. 2 Crude Unit 
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progressed, however, mauy improvement opportuuitles were recognized. Those 
having payouts were incorporated in tlie design. Most of the design improvements 
were aimed at increasing energy conservation within the plant. Tlie primary de- 
signi clmuges improving energj- cou.servation were: 

1. Optimization of the crude prelieat train including product coolers. 
2. Use of a common air jireheater to increase furnace efficiencies. 
3. Optimization of the vacuum column overhead system. 
4. Use of a double-ended condensing turbine to drive the crude feed and 

booster pumps instead of electric motors. 
5. Steam stripping of the IISGO sidecut instead of using a direct fired 

reboiler. 
These design improvements are discussed below. 

Optimization of Crude Preheat Train 
The design of the crude preheat train for the No. 2 Crude Unit included optimi- 

zation of both individual exchanged performance and overall heat utilization 
within the plant. Optimization of individual exchanger performance was fos- 
teretl by Company developments in crude preheat fouling control and by the 
development of reliable clean rating methods and guidelines for optimizing "shell- 
side design developed by Heat Transfer Research Inc. These developments per- 
mitted designing crude preheat exchangers for the Xo. 2 Crude Unit with ap- 
proximately 35 percent liigher heat transfer coefficients than were attained in the 
Xo. 1 Crude Unit. Optimization of overall heat utilization involved balancing in- 
vestment and operating costs for furnaces, crude preheaters, steam generators, 
and product coolers to obtain the most economic heat distribution between these 
various types of equipment. 

A comparison of the No. 2 Crude Unit preheat train at a nominal rate of 135,- 
000 BPD is shown in Figure 7. The result of the Xo. 2 Crude Unit preheat train 
oi)tlmization is an Increase of about 10 i)ercent in heat recovered as crude pre- 
heat. At 135,000 BPD this amounts to 43 MBH and is reflected by a reduction 
of this same amount in furnace duty. 

Most of the increase in crude preheat is accomplished at the low temperature 
end of the preheat train. Generaly. heat from cooler i)rtKlnct streams that is not 
recovered as crude preheat is lost to the atmosphere, making recovery of heat 
nt the low temiierature end of the train particularly attractive. At the high tem- 
perature end of the preheat train the hot product streams can l)e used to generate 
steam after exchange with the crude. T#ss steam is generated in the Xo. 2 Crude 
I'nit than the Xo. 1 Crude Unit, but this does not represent a reduction in re- 
covered heat when considering the total refinery heat balance. The Isomax and 
FCC streams are normally fed directly to their resi)ective processing units hot. 
In the No. 2 Crude Unit steam generation is traded for more efficiently utilized 
process heat for .sub.sequpnt units. The change in distribution of heat and improved 
crude preheat recovery in the Xo. 2 Crude Unit result in the Xo. 2 Crude Unit 
throwing nway a total of 63 MBH less than the Xo. 1 Crude T^nit at 13.5.000 
BPD. 
Fumacr Air Prrlientinn 

The size of the furnaces for the Xo. 2 Crude Unit was further reduced by 
the addition of an air preheater. X common air preheater .serves both the atmos- 
pheric and vacuum furnaces in the Xo. 2 Cnide Unit. Tlie Xo. 1 Crude Unit 
ntmospheric and vacuum furnaces exhaust directly to the atnio!?phere at approxi- 
mately 700° F. The average furnace efficiency in the Xo. 1 Crude I'nit is 79 
percent (based on the lower heating value for the gas fuel) as compared to 92 i>er- 
cent in the Xo. 2 Cnide T'nit. The net reduction in the required heat relea.><e for 
both the atmospheric and vacuum furnaces due to the improved efficiency Is 65 
MBIT at 13.5.000 BPD. 
Optimization of Variiiiiii Column Oi-erhend System 

The vacuum system for the Xo. 1 Crude T'nit vacuum column was initially 
desigiiefl to produce a column top-tower operating pressure of 1.4 psia. Olianges 
in oiterating conditions had resulted in raising the operating pressure to 4.0 psia 
liy the time the Xo. 2 Crude Unit was designed. The Xo. 2 Crude Unit vacuum 
overhead system was designe<l for the higher pressure. This automatically le<l 
to greater efficiency' nnd lower o|>erating costs for the N'o. 2 Crude Unit. 

Additional Incentive for energy con.servation resulted from the No. 1 Crude 
Unit vacuum sv.stem not having been designed inconwrating the best available 
vacuuui technology. The systems for lK>th cnide units contain precondensers 
and two stage ejectors with inter- and after-coolers. The various elements for 
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the No. 1 Crude Unit were designe<l separately and pieced together. Tlie precon- 
densers in particular were very inefficient. The elements for the No. 2 Crude 
I'nit were deslgne<l a.s a .system by one of the more experienced vacuum equii)- 
nient vendors. The cliange in oiwmting pressure and improved system design has 
resnlte<l in a reduction of ahout 15 MBH in energy re<iuirenients for Xo. 2 Crude 
I'nit as comjmred to Xo. 1 Crude Unit. 
Feed and lioostcr Pump Condensing Turbine Drivers 

The primary feed and booster pump driver for the Xo. 2 Crude T'nit is a 
highly efficient double-ended li>0# condensing turbine driver. Tlie sjiare pumpe 
are driven by individual condensing turbines. All the turbines are .served by a 
common condenser. In the Xo. 1 Crude Unit the primary pumps are motor driven 
and the spares are driven by ()00#—10# turbines. .\t high crude throughputs 
(he Xo. 1 Crude Unit sjmre Iwoster piunp must be oi)erated. This dumpK about 
."JO.OOO Ib/hr of relatively undesirable 40# steam into the refinery .system (the 
refinery tends to have excess 40# steam). 

Investment in tlie turbines and conden.ser for the Xo. 2 Crude Unit was offset 
by not having to provide a high voltage fee<ler, transformers, and sfwitchgear 
to the plant. All other iwwer requirements for tlie plant are at the 460V or 
lower level. Condensing turbines using low pressure steam are more economical 
tlian elw-tric motors sjmred by back pressure turbines. 
l<tcam Stripping  HSOO  Sidcciit 

The Xo. 1 Crude Unit was originally designed with two sldecnt strippers hav- 
ing fire<l rel)oilers for HSGO cuts. Subsequent operatnm .showed that steam 
stripiilng of HSOO improves the recovery of jet fuel from this cut and Is more 
efficient than flrwl reboilcr stripping. The X'o. 2 Crude Unit was designed for 
steam stripping only and for just one IISGO cut. This eliminated the invest- 
ment in a stripiier and two firetl relwilers. Tlie Xo. 1 Crude Unit had already 
lieen converted to steniii strli>piiiK when the Xo. 2 Crude Unit was designed so 
that there was little difference between energy demnnds for the units. A con- 
servative estimate of the oiierating savings by steam stripping nither tlmn u.sing 
fired reboilers, however, Is 10 MBII. 
No. B Crude Unit Energy Balance 

The net effect on annual operating costs of nil the design changes between the 
No. 1 and Xo. 2 Crude Units Is shown in Figure 8. This tabulation shows utility 
requirements for each unit based on current operating procedures at a through- 
put rate of 135,000 BPD. It al.so assigns dollar values to operating costs based 
on current fuel prices. The annual operating cost for the No. 2 Crude Unit is 18 
jiercent le.ss than for the No. 1 Crude Unit. Note particularly that as the cost 
of fuel increases, annual savings increase nearly in direct proportion. This in 
turn means that additional energj' conservation steps can be justified economi- 
cally as the cost of energy increa.ses. While added energy costs are hardly an 
advantage, we can take some comfort In realizing that environmental control 
requirements can be more readily achieved on au economic basis under the situa- 
tion where energy costs are increasing. 
Summary 

From this analysis of a typical modern refinery. It becomes apparent that we 
have always been inherently conscious of energy conservation. In recent years 
our awareness has increa.sed and will continue to increase during the '70's. Much 
has l)een done, but there is much to be done. Our goal should be to more closely 
approach theoretical energy cycles while satisfying economic and environmental 
criteria. 

It is evident that many alternatives exist. Energy conservation can lead to 
significant savings In Investment and operating costs while concurrently satisfy- 
ing environmental needs if we're clever enough. Key factors to success are our 
continued awareness and diligent efforts to effectively explore nil feasible 
alternatives. 
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Thus, the petroleum industry has a challenge to meet In this climate of rising 
costs and environmental concern. Our ability to conserre energy while reducing 
costs and satisfying environmental restrictions will, to a large extent, determine 
how well we as individuals, our comimnies, and the petroleum industry, fare 
in the years ahead. 
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FIGURE 8—COMPARISON OF ENERGY REQUIREMENTS FOR NOS. 1 AND 2 CRUDE UNITS 
OPERATING AT 145 000 BBUD 

IDollar amounts in thousandsl 

Utility item 
Consumption 

Annua operatini 
SCFCa 

costs at 5S cents 
s and 7 mil power 

per 1,000 

No. 1 crude, 
equivalent 

No. 2 crude. 
MM Btu/lir No. 1 crude No. 2 crude 

Yearly 
savints 

Electrical                      13 
                     2 

8 
1 

477 
12 

61 
31 

-52 
-8 

C26 
80 

2,710 
121 

S81 
-477 

0 
-27 

$143 
42 

2.160 
71 

300 
128 

-164 
-43 

11 
Fuel gas   
Boiler feed water   

                  597 
                  21 

550 
50 

Steam: 
600 1b                                     118 281 
150 lb                 -116 -605 
40 lb                       .    ..    .                      0 164 

Condensate                    -5 16 

Total -.                   630 530 3.214 2,637 577 

PLANNING FOB ENEBGT CONSERVATION IN A MULTI-REFINERY COMPASV 

(By M, G. Whltcomb, Jr., and F. M. Orri)' 

INTRODUCTION 

There have been many publication.s covering the technology of energy con- 
servation, and describing particular equipment for the efficient use and recovery 
of energj- in petroleum refineries. This paper will describe a recent approach takm 
by Exxon Oomiwny, U.S.A. to implement more of this technology In its five 
refineries. 

This is not the first effort of its kind undertaken by the Company. Under normal 
management practices, each refinery is responsible for the control of operating 
costs, and many steps have been taken through the years to reduce costs through 
Improved energy efBciency. In the post two years, liowever, the prospect of rapidly 
increasing fuel costs has led our refineries to make an overall asse-ssment of the 
pre.sent consumption of fuel, steam, and electricity, the potential savings, and 
to define .specific implementation steps to con.serve energj'. 

Tlie .incentives for Improvement in energy efficiency are substantial. For exam- 
ple, consider a typical U.S. refinery of 100,000 barrels per day throughput, consum- 
ing (iOO.OOO Btu iier barrel. At a fuel cost of 50<* per million Btu, the refinery could 
save $i..5 million annually in the cost of fuel by a 15% reduction in energy con- 
sumption, a reduction which is well within reach of most refineries. Of course, 
there would be additional outlays for equipment and manpower, but a refinery 
similar to the one cited in this example could find a .substantial number of attrac- 
tive efficiency projects, both tbrougli additional capital investment and improved 
ojierating practices. 

This paper will cover the criteria that were establi.sbed for efficient energy con- 
sumption, the results of a screening survey of the 1971 levels of consumption 
relative to those criteria, and the program that Is lieing develoiXHl to move toward 
the criteria. 

CRITERIA  FOR ENESOT   CONSUMPTION 

The first step taken was to develop screening criteria for efficient energy use in 
refinery process units. Total energy consumption was expressed in terms of fuel 
equivalents, u.sing standard fuel equivalencies for steam and electric power of 
1.750 M Btu i)er M 11> of steam and 9 M Btu per kwh, respectively. Factors for 
the consumption of energy as functions of throughput were estimated for each 
type of process unit, and for each refinery. The data used in establishing these 
consumption criteria were actual or design consumptions of a number of rela- 
tively new refineries, including domestic and overseas refineries of Exxon 
Corporation. 

' Exxon Compan.v. U.S.A., Houston, Tex. 
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Actual energy costs of operating refineries have been published by Nelson. [1] 
The data were for KHJl energy consumption, and the average age of the refineries 
from \yhich the data were taken was not disclosed. These energy consumption 
levels were substantially higher than those from which the efficiency criteria for 
this study were developed. 

The screening criteria may be conveniently summarized for any refinery in 
terms of its Nelson Comi)lexity Factor. [2] a measure of the relative intensity of 
processing. In Table 1 are shown estimated energy consumptions in terms of 
equivalent heat consumption per barrel of input for medium and high efficiency 
refineries at several levels of the Complexity Factor. The high efficiency consump- 
tion rate Is typical of tliat for a new, modern refinery design as it would be built 
today. The medium level of efficiency Is typical of refineries built 10-15 years ago. 
It is recognized that the Nelson Complexity Factor, which is representative of 
investment differences among refinery process units, bears only an approximate 
relationship to energy consumption. In spite of this limitation, It can be used 
to get an indication of the relative energy efficiency of complete refineries, and to 
estimate potential energy savings. The levels of consumption in the screening 
criteria are reasonal)Ie targets at i>resent, but may need revision in the future 
based on experience. 

BEFINERY 81'BVEY 

Using these criteria, each of the Company's refineries conducted a survey of Its 
nc-tual consumption, and compared the results to efficient criteria. As sliown in 
Table 2, a .sun-py was made of consumption by unit and for the total refinery. In 
addition, the source of energy losses was .sousrlit by compari.-wn of key output 
operating conditions to efficient design conditions. For example, furnace and 
boiler stack temiieratures were measured and compared to design temi)eratures 
of 35CM00° F. Furnace and Iwiler excess air was measured and compared with 
de.sign excess air rates of 5 to 10% for gasfired unit.s (higher for liquid fuel). 
Temperatures of process streams being cooled by air or water were measured 
and compared to 250° F. These comparisons offered an independent check of 
measured or estimated energy consumption and indicated where there might 
lie iK>tential action steiw to improve energy efficiency. In the 1971 survey, the 
identified sources of loss accounted for about G59fc of the difference between 
actual constimptlon and the high efficiency criteria. 

The result.s. summarized in Table H, .showed that the 1071 energy con.sumptions 
of the Company's five refineries avernge<l .33% above the high efficiency level. 
This place<I them near the medium efficiency level as expected due to their 
average age. .\verage furnace stack temperatures were 500-800° F, compared 
to 350-400° F for an efficient new furnace. The identified energy "losses" versus 
high efficiency criteria were about e<iualiy divided among furnace Inefficiency, 
cooling various jirocess streams above 250° F with air and water, and Inefficient 
use of stream and condensate. 

EJfEROY  CONSERVATION PROGRAM 

.\fter results of the survey were analyzed, a decision was made to devote 
additional attention and effort to energy con.servation. Ta.sk groups were set 
up at the larger refineries, and si»eclfic energy consumption targets were adopted 
by each refinery. In the first .vear of the ))rogram, accompli-shments were pri- 
marily in areas of problem identification, project screening and development, and 
target setting. Some early reductions in the consnmi)tlon of fuel and steam were 
achieved through operating practices, but additional energy reqiiirements for 
new proce.ss units that were brought on stream offset these, and kept tlie total 
energy consumjitlon i>er unit of throughput about constant. 

In the program over the next five years, recovery of about 65% of the 
identified losses is exi)ecte<l, with resulting energy consumption of about 10 to 
15% above the high efficiency level. If the refineries are successful in meeting 
these targets, energy consumption will be reduced about 15%- from the 1971 level. 
The sources of recovered energy are predicted to be as shown in Table 4. Im- 
proved efficiency of furnaces and re<'overj- of additional heat from process streams 
are expected to be the largest areas for future savings, accoinitlng together for 
over half the predicted improvement. Other recovery of waste heat from the 
exhaust gases of flre<l furbln<'s, gas engines, and lioilers will add about 10%. 
Improved utilization of steam and water would add another 25%, through better 
insulation of steam lines and fittings, repair of steam leaks, discontinuing the 
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i<lllii(r of spare steam turbines, recovery of stenin condensate, and preheating 
tioiler and crude desiilter feetl water. A nunil)er of other measures, includinc 
more catal.vtic crackinK unit flue pis expansion turbines, would make up the 
remaining 10%. 

.^ItliouRh tlie program has just beeun. it is ai>i)arent that none of the five 
concerns listed li.v Kozeny and Stauton [3] can be itmored. These are: 

Manajfenient i)articlpation and goal setting. 
Identitlcation of energy usage and loss. 
Evaluation of design, operating, and maintenance practices. 
Publicity and education. 
Follow-up and assessment. 

The task cannot be accomplished by any one person or any departmental group, 
but must receive the cooperation of management, technical personnel, process 
operators, and mechanical craftsmen. For this reason, it places a critical chal- 
lenge on the ability of a complex organization to meld the contribution.s of these 
l)e<>ple into an effective prognini. 

REFERKNCES 

1. W. Is. Xelson. "Refinery Conii>le.\ity Controls Utility Costs," The Oil d Gat 
JdiiiTuit, Vol. 61 [Ki] 135 (1963). 

2. W. I.. Xel.son, "Refinerv Comiilexitv Kxanilned." The Oil d Gas Journal, Vol. 
70 [44] 72 (1972). 

3. O. A. Kozeny and K. .T. Stnnton. "Kuergy and Material Conservation in Re- 
fineries," The OitAOiixJimnial Vol. 70 [45] 82 (1072). 

TABLE l.-ENERGY CONSUMPTION VERSUS REFINING CAPACITY 

Estimated energy consump- 
tion, M Btu/Bbl divisor 

Medium Higli 
efficiency efficiency 

Overall refining complexity: > 
6  525 380 
7  600 435 
8  675 490 
9  760 550 
10  850 615 

> Using Nelson (actors but with no adjustment for multiple units. 

TABLE 2,—CRITERIA FOR EVALUATING EFFICIENCY 
DMipi 

1. Comparison with theoretical energy consumption: 
Per unit  
Total refinery     

2. Comparison actual operating conditions with design basis: 
Furnace: 

Stack temperature 350'lo 400° F. 
Excess air  5 to 10 percent. 

Cool process streams (airfwater).. -     -  Below 250° F. 

TABLE 3.-RESULTS OF 1971 ENERGY CONSERVASION SURVEY 

Energy consumption above "high efficiency" criteria: 
Avei Average 33 percent. 
Range    23 to 59 perce 

Average refinery furnace stack temperature: Range , 500° to 800° F, 

TABLE 4.-FUTURE PROGRAM 
Sources of recovered energy: Percent 

Improved furnace efficiency       25 
Recovering heat from process streams cooled by air or water        30 
Other wa«te heat recovery (turbine or engine exhaust boilers etc) - .--      18 
Reduce steam consumption and loss        j' 
Preheat desalter and boiler feed water, recover steam condensate        15 
Other  10 

Total      100 

[See letter dated December 7, 1073, fix)m D. H. Clewell, Mobil Oil 
Coq)., p. 64, this heainng.] 



Mr. ROGERS. Does anyone have any questions? 
Mr. CARTER. Mr. Chairman, I liave one. I want to return to a point 

we brought out a while ago. Suppose a car of 1971 got 15 miles per 
gallon; ni li)7H we had a 1.') percent penalty on that. Then that car, 
1973, got l'2.7o miles per gallon, which I really do not tliink they do 
since I have one, but then if we install a catalytic converter in 1975, we 
get a 18 percent increase. And the way my figures come out we would 
still not De getting as many miles per gallon as we were in 1971, is 
that correct? 

Mr. Coppoc. This is correct. 
Mr. CARTER. All right. 
The thing about it is that it is a little bit confusing when you get 

those figures, but certainly you do not get as many miles as you get 
out of the 1971 car. 

Mr. Coppoc. In this connection, Mr. Cliairman and Mr. Carter. 
Mr. CARTER. Yes, sir. 
Mr. Coppoc. Mr. Preyer, I believe, asked a question about the fuel 

economy of stratified charge engines. 
Mr. CARTER. Yes, sir. 
Mr. COPPOC. Texaco has a controlled combustion system which is 

a stratified charge engine which we have quite a bit of experience c«i; 
and we have made vehicles with this engine meet tlic original 1976 
standards. And with your permission, I would like to submit a little 
statement. I can tell you now, but I will submit a little statement 
which will give the background on that. 

Mr. ROGERS. It would be very helpful. 
[The following letter and attachments were received for the 

record:] 
l^XAOO IRO., 

Beacon, N.Y., January 10, im4. 
Hon. PACT. G. ROGERS, 
House of Representativen, 
WoiMngton, B.C. 

DEAB SIB : During the Subcommittee hearings relative to the automotive emis- 
sions standards and their impact on the U.S. petroleum demand, which were 
beld during the week of December 3, 1973, I was asked to supply information on 
our stratified charge engine. This concept, designated as the Texaco Controlled 
Oombu.stion System (TOCS). utilizes direct cylinder injection of the fuel 
similar to a diesel engine in conjunction with spark ignition. 

Three inherent features of this stratified charge engine concept are: low 
emissiona, good fuel economy, and an ability to operate on a wide range of fuels 
encompassing such commonly available products as gasoline, diesel fuel, home 
heating oil, and jet fuel. This combination, of course, could be significantly Im- 
portant to our requirement for low emissions and good utilization of our petro- 
leum resources. 

I am attaching a detailed dLscusslon of the data we have obtained to date on 
both and Army Jeep which was developed under contract with the Tank Auto- 
motive Command of the TT.S. Army, and the work that we have done on a 
subcompact car, a Chrysler Cricket, powered by a TOCS engine. 

If you have any questions on this matter, please contact me. 
Sincerely, 

W. J. Ooppoo, 
Vice President. Environmental Protection. 

Attachment. 

TEXACO CONTKOIXED COMBUSTION SYSTEM PUEL BCX)NOMY AS RELATED TO E}XHAUST 
BMISSIONS 

The Texaco Controlled-Coml)usfinn System (TOCS) is an engine concept 
employing a fuel Injection, spark ignition, stratified charge combustion. It has 
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demonstrated excellent fuel economy and the ability to operate on a wide range 
of fuels including gasoline, diesel fuel and jet engine fuel. Moreover, it exhibits 
Inherently low gaseous pollutants. Almost two years ago, under a USA TACOM 
contract, TCCS, In a 4-cylinder engine installed in a military "Jeep," demon- 
strated to the Environmental Protection Agency the ability to satisfy the orig- 
inal 1076 exhaust standards which are very stringent standards. Last spring, the 
TCCS, after .50,000 miles of operation, retained low emissions with moderate 
maintenance again demonstrating its ability to EPA to satisfy these low emis- 
sion levels. 

Without emission controls the "Jeep," using its standard carburetted engine, 
recorded 15.3 miles per gallon of fuel. With a TCCS turbocharge<l engine, hydro- 
carbons, carbon monoxide, and nitrogen oxides were 33 percent, 90 percent, and 
5.5 percent lower, respectively, in the TCCS vehicle without emission controls 
than the standard carburetted vehicle. At the same time, the TCCS exhibited a 
80 percent increase in miles attained per gallon of fuel. (Refer to the first two 
lines of attached Table II.) 

Equipped with emission controls, the TCCS complied with the original 1&76 
Federal standards. The same TCCS-powered vehicle recorded 16.2 miles per 
gallon, 33 percent below the uncontrolled TCCS vehicle but nearly 6 percent 
better than the uncontrolled carburetted-engine vehicle. (The fuel economy at 
each of several intermediate degrees of emission control is also shown in Table 
n.) 

Over the past few years, Texaco has evaluated the effect of emission control 
devices on several vehicle installations of this 4-cylinder TCCS engine. Results 
of some of these tests are shown in the accompanying tables. 

Fuel economie.s were measured wlille driving the Federal cycle used for deter- 
mining exhau.st emissions. Two different procedures were use<l: the more accurate 
liy weighing the actual .'imonnt of fuel u.sed in driving the 11.1 miles of this 
cycle, and the second by analyzing the exhaust constituents and calculating the 
fuel that should liave been used to olitain these emis-slon levels. In the accom- 
panying tables, the first procedure is labeled (Wt.) and the second (COj). These 
tabulations also indicate the type of enii.ssion controls used for each test. 

EPA recorde<l the jjcnalty in fuel con.>Juniiitlon in the I'SA TACOM "Jeei>" 
In tests run at their Ann .\rbor, Michigan facility. Results, shown in Table I 
attached, indicated a 3J>9f- increase in fuel used in order to reduce J\ist slightly 
the overall emissions to satisfy target level.s, iwirticularly the nitrogen oxides 
standard. 

Texaco further examine<l the TCCS f\iel penalty in meeting various levels 
of exhaust emissions. Tlie.se tests were conducted In two vehicles; the "Jeep" 
with a TCCS turl>oclmrge<l engine equipi>ed witli a 4-siieed manual transmission 
referred to above and in Table II. and a sulicompiict jia.ssenger car with a TCCS 
naturally aspiratetl engine e(|uipi)ed with an automatic transml.s.sion. 

Table III for the TCCS-powered compact shows results generally similar to 
the TCCS-iK)were<l "Jeep." All runs were made with exliau.st catalytic treat- 
ment, with various degrees of comliustion retanl, exhaust back pressure (EBP), 
and exliiiu.>«t gas recirculation (EGR) to gradually lower emis.sionK. In these 
(ests. a 26% increase in fuel consumption. Cfimimred to the TCCS engine without 
eml8.sion controls, was required in order to meet the emission target. 

The itenalties a.ssociated with different degrees of exliaust emission control 
discussed above are relatetl to the fuel liurning characteristics of inteninl com- 
bustion engines in general. The data provide a basis for evaluating the fuel 
economy sacrifioe that emission controls imiK>se. Excessively low emi.s.sion stand- 
ards liave a truly detrimental effect on fuel resources. 

Although the TC^CS type of .<itratifled charge engine has Inherent fuel econ- 
omy advantages of considerable magnitude and naturally low exhaust emls- 
slon.s, the apiilication of stringent exbau.«t eniLsslon controls to this tyjte of 
engine carries a higli fuel economy i>enalty similar i)ercentagewi.se to the penalty 
suffered by carburetted engines. 

Texaco Ivelieves it Is imperative to: 
1. Provide time for technology of this type (or equivalent iierformance) 

to achieve widesiiread use In the automobile lndu.stry. 
2. Optimize the l>alanoe lietween exhaust emi.'jsions. ambient air quality, 

and fuel consvimption. 
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TABLE I.—MILITARY JEEPS WITH TCCS NATURALLY ASPIRATED ENGINE-EPA DATA 

Emissions (grai US per mile) Fuel economy 

Test condition HC CO NO.         MPG (COi) 

TCCS Jeep with catalyst, combustion retard, low rat* 
EGR                 0.50 

TCCS Jeep as above but high rale EGR                                  .37 
0.14 
.24 

3.4 

0.70 
.31 
.40  

21.9 
15.8 

                 .41 

TABLE ll.-MILITARY JEEP WITH STANDARD ENGINE AND TCCS TURBOCHARGED ENGINE -TEXACO DATA 

Emission controls 
Emissions (grams per 

mile) Fuel 

•"TP'G 
(weight) Catalyst 

Combustion 
retard          EGR HC CO NO. 

Standard carbureted engine: None  No  
TCCS turbocharged engine: 

None  No  
Step 1  No  
Step 2  No  
Steps Yea  

Full  Yes  

. No  No  

. No  No  

. 8"  No  

. 8°  Low rales  

. r  Moderate 
rates. 

. 13» H^rttet  

4. SO 

3.13 
3.24 
3.60 

.22 

.35 
.41 

73.2 

7.00 
6.43 
6.69 
1.29 

1.41 
3.4 

3.22 

1.46 
1.29 
.84 
.66 

.35 

.40 . 

15.3 

24.3 
22.4 
20.5 
19.4 

I«.2 

TABLE lll-SUBCOMPACT PASSENGER CAR POWERED BY TCCS NATURALLY ASPIRATED ENGINE WITH CATALYST- 
TEXACO DATA 

Emission controls Emissions (grams per mile) 

HC        CO       NO. 

Fuel 

""Tp'd 
(weight) 

EBP 
increase 

Combustion 
retard                    EGR 

CitalYStonly  No  
Slepl  No  
Stop 2 Yes  
Step 3  No  
Full.  Yes  
Federal standards  

. No  No  

. 9» No  

. 9"  Low rates  

. S"  Moderate rates.. 

. 9° High rates  

.     1.07 

.       .73 

.       .61 
.59 
.36 
.41 

0.84 
1.18 
.85 
.64 

1.15 
3.4 

1.89 
1.20 
.99 
.55 
.38 
.40 . 

25.8 
23.3 
22.5 
22.6 
20.0 

Mr. Coppoc. Tliere is ix)tential within the stratified charge engine 
for significant improvements in fuel economy. The more stringent you 
make the exhaust emission requirements, the more penalty you pay on 
fuel economy. That is also true with the stratified charge engine. 

Mr. SATTERFIELD. I just have one question to follow up what Dr. 
Carter said. When you talk about your percentage increase, you are 
talking about your lower figure; therefore, you need a higHer per- 
centage to get consumption economy up to where it was. 

Mr. GAMMELGAIU). YOU are right. 
Mr. Ci-EWELL. I would like to add just one statement to Mr. Carter 

there. When he says he gets his 13 percent by putting on a catalytic 
converter, the catalytic converter will not give you the 13 percent. 
It is a lot of other things that are going to do it, too. 

Mr. CARTER. Yes, sir. 
Mr. ROGERS. Any other questions? 
Thank you very much. And we may get back to you with other 

questions, if we may. Thank you for l)eing here. 
Mr. GAMMEUJARD. P'ine. Thank you. 
[Testimony resumes on p. 98.] 
[An addendum to Mr. Clewell's testimony follows:] 

S9-a7J O - 74 - 7 
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ADDENDUM TO TESTIMONY OF D. H. C'LEWELL, MOBIL OIL COBPOBATIOX 

1. ENERGY ASPKCTS: PRODUCTION OF I)B8UI,FUB1ZEI> UNI.KADED GA80UNE: CURRENT 
AND FUTURE GASOLINE DEMANDS ; AND POTENTIAL USE OF LEADED GASOLINE IN CARS 
HAVING CATALYTIC DEVICES 

a. Summary 
The estimated total energy savings from contluning the 1974 auto eniission 

standards are as follows: 
1975 no savings. 
1976 55,000 bWs/day of crude oil. 
1980 833,000 bbls/day of crude oil. 
1985 1,713.000 bbls/day of crude oil. 

Tlie rate of cnide oil savings increases witli time Itecause the demand for 
unleaded gasoline would increase each year, and liecause of fuel economy 
decreases associated with the auto emission standards for 1976 and later years. 

The overall savings summarized above are the total of savings from four dif- 
ferent aspects. These are as follows : 

CRUDE OIL SAVINGS 

[Barrels per day| 

1975 1976 19S0 1985 

Savings in oil refinery from not producing unleaded gasoline  16,000 30.000 77.000 153,000 
Savings in refinery Irom not desulfurizing unleaded gasoline  None f4one 96.000 180.000 
Savings in gasoline consumption by maintaining 1974 auto emission 

standards  '16,000 None 220,000 460.000 
Savings in gasoline consumption by use of leaded octane number gasoline... None 25,000 440,000 920,000 

Total savings      55,000    833.000   1.713,000 

' Loss. 

b. Saving* from not produoing unleaded gasoline 
The refinery production of tinleaded gasolines requires the use of processing 

steps instead of lead to olitain the required octane number levels. These process 
steps require energy to operate and involve some losses in gasoline yield. The 
amount of crude oil which could be saved by producing leaded instead of unleaded 
91 octane number gasoline is estimated to be equivalent to be between 1% and 
and 2% of the unleaded gasoline jtroduced. We have used 1.5% and estimate tlie 
following specific savings of crude oil: 

Crude Oil Savings from  not producing unleadrd gasoline 
Barrelt 
per day 

1975      16.000 
1976     .30,000 
1980     77,000 
19a5 153.000 

Most refineries are now equipped to produce the quantities of 91 O.N. unleaded 
gasoline required in 1975 and 1976. However, this does not reduce the potential 
crude oil savings noted above; as in a period of crude oil .shortage, the equip- 
ment wotild either not be operate<l or would lie operated at reduced severity. 
There is however a minimum unleaded octane number level which a modern 
refinery can produce. This is in the range of 84 to 86 octane number. Tlius 
in the above case, the crude oil savings would lie essentially the same whether 
the leaded grade assumed is 91 or 9."? octane number, as the difference l>etween the 
grades would be largely in lead content. 

Inherent in the above estimate is the following foreca.st of the probable total 
demand for unleaded gasoline. 

Total XJhIeaded Gasoline Demand 
Pereent 

1975         . -        -        14 
1976 ::....:: ::   25 
1980         5« 
1985       100 



The following factore were considered In this forecast: 
1. Usage of unleaded gasoline by some cars not having catalytic converters 

was assumed. These inclu(le<l the following: 
1974 and older cars that are now using unleade<l or new low lead grades 

of gasoline—about 2.5% in 1975. 
1974 and older cars which will start to use unleaded gasoline after July 

1, 1974 because service stations with only two grades will eliminate the 
grade now being used by some motorists in order to Introduce an unleaded 
grade—about 4% In 1975. 

The usage of unleaded gasoline by 1974 and older cars will gradually 
decrease as over the years. 

1975 model cars without catalysts but certified for use oti unleaded 
gasoline (Ford and American Motors). 

2. Light trucks under 6.000 itounds wt. were assumed to use anleade<l gasoline 
on the following schedule. 

1975^6 all GM vehicles 
1977-80 all vehicles 

3. Alternate engines were assumed to be introduced haviug the following fuel 
requirements. 

Rotflry engines: 
Imported mixlels will use leaded gasoline. 
OM models will use unleade<l gasoline. 

StratHle<l charge—all models will u.se leade<l gasoline. 
4. I..ate model cars are driven more miles i)er year than older cars. 
Some of the iK>ssil)le savings, such as those from fuel economy savings in 

1975 and later model cars, apply only to that ix>rtion of the unleaded gasoline 
used by the 1975 and later model cars. This i)ortion of the demand was estimated 
to IK> as follows: 

Unleaded gasoline con»umption by J975 and later models 
Peroent 

1975        7.6 
1976       19.0 
1980      55.0 
c. Savings from not desulfurizing unlrded gasoline 

As noted lu Mr. Clewell's formal testimony, the desulfurlzatlon of unleaded 
gasoline causes an increa.se of about 1% in crude consumption if all gasoline Is 
desulfurized. In most of our examples, only a jKirtion of the gasoline Is deeul- 
furize<l. In Ti.S. refineries, gasoline pro<luction is about .TO^ of the crude oil 
reflnetl. Therefore, the crude i)enalty for desulfurlzatlon can also be expressed as 
equivalent to 2% of the volume of gasoline desulfurized. On this basis, the crude 
oil losses for the desulfurisuition of unleaded ga.soline would l)e as on the follon-- 
ing page: 

Barrelt 
per day 

1975 ,       none 
1976       none 
1980        96, 000 
1985   180, 000 

There would l>e no iienalty in 1975 and 1076 In-cause desulfurlzatlon facilities 
could not lie constnicte<l that soon. 
<l. Savings from maintaining the J07.i auto emission standards 

In estimating the crude oil savings resulting from relaxed emission standards, 
permitting iwe of leaded gasoline, we have as.'iunie<l freezing emission standards 
at 1974 levels. The s|>eciflc fuel economy assumptions for each model year cars 
meeting tJie 1074 .standards are as follows : 

For 1975 models—A 3% loss in fuel economy versus 107;" emission standards. 
As discussed l)elow, this compares with an estimate by Ford and Chrysler 

of a 3% difference due to the use of catalysts and a General Motors estimate of 
13% which we do not find understandable. 

For 1976 models—A 5% gain In fnel economy versus 1976 interim emission 
standards. 
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Tills compares to a 9% loss for 1»76 over 1973 models given by Mr. Miscb in 

his discussion on November 5, and Mr. Cole's indication tliat Uie gains he esti- 
mated for 1975 would "decrease significantly" in 1976. 

For 1977 to 1985 modelg—A 5% gain in fuel economy versus 1977 emissloii 
standards modified to an oxides of nitrogen standard of 2.0 grams/mile, or the 
same as the 1976 interim standards. If this were at a more restrictive level, sue* 
as the present 1977 standard, the crude oil savings would be liigher. 

The fuel economy factors discussed alwve apply only to the unleaded gasoline 
used in 1975 and later model cars and not to that used by older cars. The crude 
oil savings estimated to result from maintaining the 1974 emission standards are 
as follows: 

Crude oil savings "by use of 197i emission standards instead of emission 
schedule discussed above 

Barrel* 
per day 

1975     16, 000 loss 
1976         none 
1980   220, 000 
1985   460,000 

Both Senator McClure and Senator Domenicl raised questions pertaining to 
the effect of emission control devices on tJie fuel economy of automobiles in par- 
ticular comparisons between MOIJU'S estimates and General Motor's estimates 
The following discussion provides more details than could be provided in the 
oral discussion, and explains tlie basis for the crude oil savings estimated above. 

Since actual experience on 1973 models is now available, the first cMuiiarison 
of interest is the loss In fuel economy between 1967 and 1973 models as published 
by l>oth Mobil' and General Motors,' and tJie causes attributed to these losses. 

(In ptrcenll 

GM Mobil 

Loss in fuel economy between 1967 (no emission control) and 1973 Mrs..  20 20 
Allocation of losses: 

ModiTications for emission control: 
Sparit timing and aif-fuel ratio cbanges  
Exliaiist gas recirculation   
Lower compression ratio  

Loss due to emission control  
Vehicle weight increases  

Total loss  

General Motors and Mo'bil are in agreement on both the total loss and the loss 
due to emission control. The major difference is In the allocation of the losses 
due to compression ratio and spark timing plus air-fuel ratio changes. Mobil 
as.slgned 7% to compression ratio while GM assigned only 2%. 

The actual average compression ratio of 1973 cars is about 1.1 units lower than 
that of 1967 cars. Engine design textbooks for years have stressed that com- 
pression ratio is a major factor In the thermal efficiency of engines. During the 
last 20 years, many technical stiidies of the actual effects of compression ratio 
on fnel economy have been published, including a number by General Motors.' 
A recent review of this literature' indicated an average loss in fuel economy of 
6.3% with a reduction of 1.0 compression ratir). This is consistent with the Mobil 
estimate of a 7% loss for a 1.1 reduction In compression ratio. The GM estimate 
of a 2% lo.ss due to the compression ratio change appears to be In conflict with 
the laws of thermodynamics, and extensive publl.shed literature. 

The difference between Mobil and GM in the amount of fuel economy loss 
attributed to compression ratio is important in the estimation of how much fuel 

10 6 
3 2 
2 7 

IS IS 
S s 

20 20 

' "Impact of Automotive Emission ReKulatlons on Gasoline Demand." D. H. Clewell and 
W. J. Koehl. Koehl, API paper 730515. May 15.1973, Letter W. P. Tavoulareas to R. M. Prl, 
August 6. 1973. 

' Attachment 7 of B. N. Cole Testimony of November 5, 1973. 
•D. F. Carls and E. E. Nelson. "A New I>ook at HlRh-Compresslon Engines" SAE Tran*- 

actlons, Vol. 67 (1969) Paper filA. 
C. P. Ketterlng. "More Efficient Utllliatlon of Fuels" SAE Quarterly Transactions, Vol. I, 

(1947). 
• "Information on Fuel Economy of Recent U.S. Cars" W. E. Bettoney of DuPont, 

August 22, 1973. 
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economy can be improved by engine readjustment when a catalytic converter is 
lu.<<talled. as the loss due to compression ratio cannot be regained as long as 91 
octane gasoline is used. 

The second comparison of Interest is that for 1975 model cars with catalytic 
converters. GM in Attachment 7 of their testimony estimates that their 1975 cars 
with catalytic converters will have a fuel economy loss of 9% over the 1970 
models or a recovery of 11% from 1973. (The 13% recovery quoted by Mr. CJole 
in his testimony was over 1974 cars. While both Ford and Chrysler forecast 
that their 1974 cars would have about 3% better fuel economy than their 1973 
cars. Mr. Cole forecast that 1974 GM cars will be 2% worse than their 1973 cars.) 

For 1975 model cars, we agree that some improvement in fuel economy can 
he obtained by engine adjustment when catalysts are employed. Since our esti- 
mate of losses due to engine adjustment in 1973 models was 8% and some of this 
will probably be recovered in 1974 models, we estimated that 3% could be 
regained by catalysts in 1975 models. 

In his testimony on November 5, 1973, Mr. Misch of Ford said their 1975 models 
e<inipped with catalysts would have a 3% imi)rovement in fuel economy over 
their 1974 models. Mr. Riccardo agreed with the Ford estimate. 

Thus the effect of catalysts on the changes in fuel economy of 1975 model cars 
versus 1974 models is as follows : 

General Motors 13 i>ercent gain 
Ford and Chry.sler    3 percent gain 
Mobil      3 percent gain 

In summary, we find the GM claim of a 13% gain in fuel economy with 1975 
cars to be inconsistent with both sound engineering analysis and with the state- 
ments of both Ford and Chrysler. The GM estimate is understandable to us 
only if it contains fuel economy gains from factors unrelated to the use of 
catalysts. Such things might include high energy ignition systems, improved 
carburetors, radial tires, and less acceleration i)erformance. These improvements 
would, of course, apply to engines with and without catalytic devices. Under 
questioning by Senator Clark on November 5, Mr. Cole did concede that the 
13% gain in fuel economy, which OM estimated for 1975 models, was not all 
due to the use of a catalyst. 
c. fiat-ings from use of high octane leaded gasolines and high compression ratio 

engines 
Since 1971 most new cans have l)een designed to oiierate on 91 O.N. unleaded 

gasoline. Under present plans all 1975 models will be designed for this grade 
of gasoline. If the auto emissiou standards were frozen at the 1974 levels, leaded 
gasolines and higher compression ratios could be used to increase engine 
eflBciency. To demonstrate the potential advantages of such an action, the 
following example has been prei>ared. 

Basis: 91 O.N. Unleaded Gasoline 

Case A—Addition of 0.5 gms lead/gallon increases octane number to 94 and 
permits a reduction of 4% in fuel consumption. 

Case B—Addition of 2.5 gms lead/gallon increases octane number to 98 .and 
permits a reduction of 11% in fuel consumption. 

In these examples, no refinerj- investments are required over those necessary 
to meet the present .schedule of emission standards. In fact, to the extent that 
crude oil is saved, there would be some reduction In future refinery construction 
needs, and in the energy u.sed in the transi)ortation of cnide oil and ga.soline. 

The crude oil savings obtained with the assumptions outlined al)0ve will be 
offset to a minor degree by the crude oil losses involved in producing 91 O.N. 
unleaded ga.soline which were described in Section lb. 

In this exajiiple the net crude oil savings are as follows; 
NET CRUDE OIL SAVINGS 

(Barrels per day) 

1975 1976 1980 1988 

A—Wilh 94 O.N. leaded gasoline  ...            None None 
25.000 

130.000 
440.000 

280,000 
B—With 98 ON. leaded gasoline           None 920.000 



Xo Ravings wonid be possible In 1975 because the engines could not be modifled 
that soon. In 1976 the iwtential saving at 94 O.N. is offset by tlie loss in producing 
the 91 octane unleaded gasoline used as the basis of comimrison. 

Prom this example, the large crude oil savings obtainable from tlie use of high 
octane leadetl gasoline are readily apiwrent. This is in fact similar to the Euro- 
Iiean situation where with scarce and expensive energy over 70% of the cars 
have been designed for 98 O.N. gasoline for many years. To realize the highest 
savings, current lead levels (2.5 gni/gal) have been assumed. If air iiuality stand- 
ards for lead jMirticulntes are established, the ni)plication of devices to remove 
lead from vehi<'le exhaust may be required to meet them. Several companies 
have rei>orte<l very marked progress in the development of these devices, and 
we believe they are feasible for 80% removal of lead partlculates from exhaust. 

During the November r> discussion, Mr. Cole said tliat increasing c<mipre.ssion 
ratio would increase emi.sslons of hydrocarbons and oxides of nitrogen. We find 
this to be misleading. The published literature' clearly indicates that compression 
ratio has no effect on the mass emissions of hydrocarbons awl oxides of nitrogen : 
however, the concentrations of hydrocarl>ons and oxides of nitrogen do increase 
with compre.ssion ratio. Tiiis latter effect is offset by the .smaller mass of the 
euiis-sions at higher compression ratio. 

2. I'HODUCTION   OP  UE8ULFURIZED  UKLSADED  GASOLINE 

«. InimedUitr availability 
Both Administrator Train of the Environmental Protection Agency and Mr. 

E. N. Cole have suggested to the Committee that low sulfur gasoline could be 
made available in quantities sufficient to meet demands for one or two years. 
In view of this availability, they botJi suggested that u.se of such gasoline would 
provide a -safeguard against the potential harm of sulfuric acid mists from 
catalytic converters until such time as the problem could be fully evaluated 
and appropriate action taken. 

As explained l)elow enough low sulfur gasoline (0.01% S maximnm) can 
probably lie provided to meet the exiiected demand for unleaded gasoline for 
more than one year but less than two years. However, as Mr. Clewell stated 
in his testimony, this proixisal is unworkable. 

If the decision to build gasoline desulfurization capacity is delayed until 
after catalytic converters are in use, the demand for unleaded gasoline will 
exceed the availability of low sulfur gasoline l>efore new desulfurization facili- 
ties can be built, as three to four years would l>e re<iuired for constniction. 

If the suggestion made by Mr. Train and Mr. C?ole were followed, and a 
decision were made at a later date to install gasoline desulfurization facilities, 
the supplies of low sulfur unleaded gasoline would have to be supplemented 
with normal sulfur content unleaded gasoline l)efore the end of 1976. By 1978 
more of the unleaded gasoline would be of normal sulfur content than of low 
sulfur content. This would represent a worse sulfate emission problem than 
liotentially exists for 1975. 

On the other hand if a decision were made to discontinue catalysts after 
a trial |)eriod, the oil industrj* would be obligated to supply a declining volume 
of a siKM'inl iinleaded gasoline for catalyst equipped cars for a least ten years. 
This would involve expensive and wasteful procedures. 

Thus proceeding with the use of catalytic converters and unleaded gasolines 
without a full understanding of the significance of the sulfuric acid emissions 
could lead to serious problems some years later. 

The estimate of unleaded gasoline consumption used In drawing the above 
conclusions are as follows: 

••'Combustion Chamber .Surface Area. A Ke.v to Bxhanct Emissions." C. E. Schefller. 8AE 
Trnnsnctlons. Vol. 75 fl9fi7). 

"Effects of Charge Dilution on Nitric Oxide Emission from a Single C.vllnder Engine," 
V. D. Benson and R. F. Stebar. SAE Paper 71000S, Janoary. 1971. 

"Effects of Compression Ratio Chances on Exhaust Emlssrlons," A. E. Felt and S. R. 
Krnnse. SAE Paper 710S.11. October. 1971. 

"Effect of Compression Ratio. Mixture Strencth. Spark Tlmlne. and Coolant Tempera- 
ture upon Exhaust Emissions and Power." R. C. lyee. SAE Paper 710.1.12. Oototier. 1971. 

"Compression Ratio. Emissions. Octanes, and Fuel Econom.T—.\n Experimental Stndv." 
P. E. Oberdorfer. API Mid-Year Meeting, Ma.T 1972. 
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Prccnt of total gasoline 
1975    _      _                  14 
1976     ... . " '_'"    25 
1977 :::::::::::::::::::: 35 
1978     43 
3979     50 
1980     56 

(The basis for this estimate is given in Section 1-b.) 
The refinery gasoline eomi)onents used to blend finished gasolines contain vary- 

ing amounts of sulfur. They also have significant variations in octane character- 
istics and volatility. To provide finished gasolines with i)roi)erties that will give 
good car iierformance. careful blends of tlie eomiwnents are require*l. While pro- 
ducing normal gasolines suitable for the 1974 and earlier cars, our exiierience 
indicates that only about 20% of the total gasoline could be consistently produced 
from existing facilities which would be suital)lp for use in 1975 and later model 
cars and have a sulfur content of 0.01% maximum. During the discussion period 
following Mr. Clewell's testimony, Mr. Graven of Mol)il advised the Oommittee 
that up to 25% of low sulfur (0.01%) unleadiHl gasoline could l)e produced with 
existing facilities. A more careful review of the problems Involved Indicates 
that 20% is a better estimate. (There would, of course, lie differences Iwtween 
indlvidunl refineries with some being aiile to produce more and some less than 
20%.) In order to produce even 20% of nnleaded ga.soline with 0.01% sulfur 
content, the sulfur content of the remaining gasoline would increase, and In 
some cases would exceed State and Federal specifications. 

If an unleaded ga.soline sulfur content of less than 0.01% were required, the 
volume which could be produced immediately would be shari>l.v reduceid. In fact, 
we donbt that the industry, either now or in the future, could meet a gasoline 
sulfur specification of less than 0.005%. 

b. Interference with refinery connfriiction 
As noted in Mr. Clewell's testimony the constniction of gasoline desulfuriza- 

tion facilities will interfere with the construction of new rt-flning facilities, as 
skilled manfMiwer and capacity to manufacture specialized equipment will l>e 
limiting factors.* Therefore, a choice between these two will have to lie made. 
The extent of conflict will l>e in proportion to the investments involved. Over a 
ten-year period, these would be .?2.5 billion for facilities to desulfnrize unleaded 
gasoline to 0.01% sulfur, and Sf^O billion for refineries of about 10% interference 
In the early year.s, a surge in desulfurization facilities would !« needed; thus, 
the interference would probably be about 20% then. 

Another way of expressing this conflict is that construction of ga.soline de- 
sulfurization facilities will require skilled mani)ower, shop facilities, and capital 
Investments which cotild alternately jiroduce about 1,000,000 Bbls/day of refining 
capacity. This is equivalent to about 7% of the present U.S. refining capacity 
of 14.000,000 Bbls/day. 

3.   CrURENT   AND   FUTURE  0A80UNE  DENfANDS 
During the discussion, several questions were raised by Senators Randolph 

and Muskle relating to current gasoline demand and past and future ga.soline 
growth rates. The following table contains the information requested: 

U.S. (asolint Annual 
demand average 

(barrels per growth rate 
Year                                                                                                                          day) (percent) 

1964 actual  4.M3.O00 
1972 actual  6,377,(K» 
1973 eslimated  6,708.000 
1975 forecast  6.950,000 
1976torecasl  7.200.000 , , 
1980 forecast  8.200.000 '•' 
1983 forecast  8.800.000 
1985 forecast  9,200.000 

" These nhortages are dlscusRed la more detnll In the paper entitled "The Challenge of 
Rosolvlnir the EntTRj- ShortflRe" bv K. M. Elliott, whleh was Riibmltted for the record on 
November 5, 1073. 
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In view of the iinoertainties growing out of the Middle East crises, no rea- 
sonably accurate forecast of future gasoline availal)iUt.v or demand could be 
made. Yet we believed the Committee needed and wanted some quantitative 
estimate of investment requirements and crude oil itenalties associated with the 
desulfurization of gasoline. For this purpose, we cliose to use the inibllshed in- 
dustry forecast giving the lowest future gasoline demand. This forecast was 
published in December 1971 by the National Petroleum Council as part of their 
initial appraisal of the outloolj for future U.S. energy supply and demand. This 
forecast contained specific estimates for only 197.5, 1980, and 1985. The values 
given above for 1976 and 1983 were ol)tained by inferiiolation. As noted in the 
table above, thi.s NPC forecast contemplates a sizeable reduction in the historical 
rate of growth of gasoline demand. 

Tlie historical growth rate is based on an eight-year period (1964-1972) in- 
stead of the ten-yenr period requested, a.s this is the longest jierlod available on 
a consl.stent basis. The Bureau of Mines changed the basis of their statistics 
slightly in 1964; tlius, earlier data are on a different basis, and of course, actual 
data for 1973 are not yet available. 

4.  POTENTIAL   USE  OF  LEADED  GASOLINE  IN   CABS   IIAVINO  CATALYTIC   DEVICES 

With normal gasoline supplies, we l>elieve that some motoristts would find 
ways to use leaded gasoline in cars eqnip|>ed with catalytic devices. Tlieir in- 
centive would be to have about 2 cents per gallon in the price of gasoline. Witli 
a severe shortage of gasoline and/or with gasoline rationing, the incentive could 
become the usage of one's car. This Is a much more Important incentive and 
could lead to a significant amount of improper usage of leaded gasoline in ve- 
hicles designed for unleaded gasoline. 

Since very few areas will be inspecting vehicles for emissions, and the cars 
will operate well on leaded gasolines, the improper use is unlikely to be detected. 
Emission will, of course, be Increa.sed by such usage at 197.5 models with lead 
pol.soned catalysts will have higlier enilssl<ms than 1974 models. 

Mr. ROGERS. Our last witness today would be Mr. Lawrence, E. 
Blanchard, Jr., executive vice president. Ethyl (^orp., Richmond, Va. 

Mr. Blanchard, wo apologize to yon for the late hour. We appreciate 
your tolerance. And the committee welcomes yon, and wc will be glad 
to receive your statement. 

I believe you will be accompanied by Mr. Robeii Butler, director 
of environmental affairs. Petioleum Chemical Division, Du Pont 
Coip.. Wilmington. Del. 

We welcome you to the committee. 

STATEMENTS OP LAWRENCE E. BLANCHARD, JR., EXECUTIVE 
VICE PRESIDENT, ETHYL CORP.; AND ROBERT C. BUTLER, MAN- 
AGER, ENVIRONMENTAL AFFAIRS, PETROLEUM PRODUCTS 
DIVISION, E. I. du PONT de NEMOURS & CO.; ACCOMPANIED BY 
HOWARD E. HESSELBERG, VICE PRESIDENT, AIR CONSERVA- 
TION PROGRAM, ETHYL CORP. 

Mr, BLANCHARD. Mr. Chairman, I am T^awrence E. Blanchard, Jr.. 
executive vice president of Ethyl Corp. and I have with me Howard E. 
Ilesselberg. vice pi-esident in charge of our air conservation progi-am. 

Mr. RooKRs. Mr. Ilesselberg. we welcome you. 
Mr. Bi^\NciiARi). Mr. Butler from Du Pont is just an interloper as 

far as I am concerned, we let him sit here only by suffrance. 
[T>aughter.] 

Mr. RooKRS. We welcome you all. 
Mr. BhAXfHARi). I am here in support of H.R. 11475 to freeze the 

1074 automotive emission standards Ijecausc thev can be met without 
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the use of a catalyst which would i-equii-e the availability of lead-free 
gasoline in practicjill^' every station in the United States. While a 
gre^t national debate is going on over that issue, EPA last week issued 
its rules on the phase-down of lead in all gasoline. In that connection, 
EPA has now devised a formula—which you have heard about today— 
under which the oil industry would be forced to reduce the total lead 
used about the s«vme amount, regardless of whether the catalytic ap- 
pi-oach is adopted or not. And, therefore, we also urge you to poet- 
pone that proposed phase-down for at least 2 years, for the reasons 
whicli I will refer to. 

"VVe think the combination of these two events—the immediate pro- 
duction of a lead-free grade of gasoline for a catalytic car and the 
scale-down of lead used in all gasoline—will result in a drastic fuel 
penaltv for the Nation. 

EPA dismisses all that by simply determining that there will be 
essentially no energy penalty. We resent that typical, simplistic ap- 
proach by EPA. 

Jly company is one of tiie major manufacturers of tetraethyl lead 
and we have been under attack since the start of the environmental 
decade, as most of you gentleman have heard me on this subject be- 
fore. The last time I testified before you was almost 4 years ago, just a 
few days before America's first Earth Day. For the past 4 years. I have 
continued to try to tell America—in legislative hearings, press brief- 
ings and on national TV—of the many advantages of leaded gasoline 
that have been recognized for more than 50 years now. Perhaps the 
greatest advantage that has long been recognized throughout the world 
is that lead has saved about 6 percent of all of our crude oil and this 
amounts to saving an amount each year exjual to at least two-thirds of 
all the oil produced in California each year. And if any of you think 
that that is inconsistent with all of the numbers you have been hearing 
today, when I get through, so help me I believe I can explain it. 

liut tiie trouble I have had, for the past 4 years, "was that few knew 
what crude oil was and even fewer cared. Conservation is the father of 
ecology, but the world forgot for awhile the importance of conserv- 
ing energy. No one, in or out of industry, has ever questioned the 
desirability of absolutely perfect clean an^ clear air and water. The 
only question tiiat has ever been raised is whether the world had 
enough resources to achieve such {)erfection. 

The severe limitations on our available energj' have suddenly come 
into clear focus. Admittedly, partly because of reasons over which we 
had no control, but whatever the causes may have been, it now seems 
clear to everyone that we do not have :^noiigh energy to go around. 
Ironically, the day after the first weekend when gasoline sales are 
halted, we journey to Washington to debate whether or not America 
will take the next air purification step or whether we will hold where 
we are until we can see how many cars we can run with the gasoline 
that is left. 

I personally think we are rearranging the chairs on the deck of 
the Titanic. I sincerely believe that whatever good or bad decisions 
we may have made in the past, America will never forget or forgive 
our not doing everything humanly possible to conserve every single 
gallon of oil and pound of coal to help us continue to be the great 
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Nation that wo in the boondocks still think wv aiv. If \vc run out of 
oil, as you luive just hciiid Mr. Gamnierjrard j)redict that we arefroing 
to, we are froinp to have terrible problems, environmental included. 

Just a triflinj; example will be the millions of homes having to 
burn wood or anything else they can get their hands on in fireplaces 
across the country. I do not, think that anyone has yet weighed the 
micrograms of whatever will be back in our air from that source. And 
I suppose I put that in yesterday because of just having lit two fires 
in my fii-eplace in Richmond, Va., and created a neighborhood disturb- 
ance. You never saw so many people lined up in front of the house 
yesterday. 

As foi" leaded gasoline itself, despite any doom-mongers you may 
hear from today, or the ne.xt 3 days, and try as hard as the EPA 
has tried for the past 4 years, and despite all the millions of dollars 
they have spent measuring everything and everybody they can find, no 
one in the 50 yeai*s since tetraethyl lead was invented has ever been 
able to come forward with even one instance in which the health of 
any child or adult has been harmed from lead emitted from automo- 
biles. I am attaching to this statement, a copy of a letter from Dr. 
Paul B. Hammond to the editor of Interface, a scentific environmental 
magazine, in its November issue [see p. 101] which has just come to my 
attention, luifortiuiately today. Dr. Hammond was the chairman of 
the National Academy of Science committee that exhaustively studied 
lead in the environment in 1972 for EPA. I submit it supports every- 
tliinjr we have said for 4 years. 

We can argue all day—when T wrote that. I guess I ought to say 
Ave have argued all day—as to exactly what percentage of our crude 
oil is wasted by reducing lead in gasoline. We think a fair consensus 
of exi)crts in the field is that even this final reduction just announced 
by the EP.V will waste, on to|) of the waste from lead-free fuel for 
a catalyst, at least 1 jx'rcent of our crude oil which is more than 
lOO.OOO ban-els a day. over 4 million srallons. or at least .')0 million 
baii-els a yeai'. .Vnd again, paienthetically. I do not think there is 
anvthing inconsistent theix> with the inunl)ei's we have Ix^en hearing. 

England announced, just last week, its jjostiwiiement of a fii-st small 
lead cut which they had scheduled—which they estimate will save 
SOO.OOO tons of fuel, is the way they state it, which works out to bo 
about 11/^ percentof their fuel. 

But actully this is just a trifle, as you have heard, compared to what 
is at stake in your decision on a catalyst. As eveiyone has now heard 
for the past 4 yeai-s, the catalyst will re<|uire nonleaded gasoline, but 
no other country in the world is trying to. at times like this, to switch 
to that nuich lead-free gas. It is going to take a huge amovuit of gaso- 
line just to fill uj) the new lines and tanks 7 months from yesterday. 

The decision by Mr. Cole of General Motors in 1070 to reduce octane 
requirements and compression latios. on the theoiv that we needed to 
start gettinsr ready for his catalyst in 1074. has needles.sly reduced the 
elTi<iency of .Vmerican automobiles over the past '^ rears and has re- 
sulted in literally wasting more cnide oil than America can save by all 
of the restrictions jnoposed so far. This ciude oil waste was started by 
Detroit ;{ yeai-s early to get us used to wastinc gasoline before the 
catalyst arrived, so tliey could then claim that the catalysts were sav- 
ing it. To have Mr. Cole now claim that his catalyst will save 13 per- 
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cent of our gas, is absurd. Perhaps he is basing this claim on America 
demanding smaller cars, wliich incidentally is what I undei-stand this 
sales-weighted average amounts to, it just reflects that he is going to sell 
more little cais than he used to. But if he is basing it on that, to think 
that General Motors claims the credit for that shift, must make our 
friends overseas even madder than it does me. That has nothing to do 
with environmental controls, as distinguished from you and me decid- 
ing that we Avant to buy a small car. I am attaching to my statement 
a copy of the Wall Street Journal editorial of this November 30 
[see p. 102], whicli I think makes this identical point and states it 
soimdl}'. 

But even in Ix)s Angeles, where all of this began, the Air Pollution 
Control District does not endorse the use of catalysts, and the State, of 
California is urging EPA to postpone the regidations calling for lead- 
free gas in order to conseive energy. 

In conclusion, we plead with you to weigh so veiy carefully the pri- 
orities of America. Leaded ga.soline can save every year at least two- 
thirds of all the oil produced in the State of Califoniia. We urge you 
not to set an emission standard that would require the catalytic ap- 
proach which in turn requires the elimination of leaded gasoline, and 
we urge you to postpone any scale-down of lead during this energy 
crisis. 

[The letter to the editor and the Wall Sti-eet Journal editorial re- 
ferred to follows:] 

LETTERS TO THE EDITOR 

[Interfacp magazine, November] 

Dear Sir: I am responding to your request for opinions as to tlie validity of an 
EDF statement concerning tbe liazards of lead emitted into the atmospliere witli 
auto exhaust. The statement I refer to reads as follows: "I^ad released into the 
atmosphere dnniages the health of many Americans. Cars burning Ieade<l gasoline 
cause 90% of this pollution." 

Tlie first statement is not known to lie tnie and the second is not strictly correct, 
although it is probably close to the truth. 

I feel oiiliged to comment on these statements Itecause tlieir dissemination does 
an iiiju.stice to the American i)eople. The i>eo|4e are entitled to an accurate repre- 
Hentation of the consecjuenees of iwllution since it is they, not the EDF, that must 
pay the ctwt of controls. 

There is no sound evidence tliat aiito exhaust lead "damages the health of many 
Americans". The most most common misconception among most people concerns 
the distinction between the presence of a iwliutant in the body and the presence 
of it in concentrationfi sufflciently high to produce damage to health. Too much of 
anything in the l)ody is toxic. Too much .salt causes damage to health. Too much 
nntiliiotic given in the treatment of bacterial diseases causes damage to health. 
One could expand on that theme nrf infinHum. Tliere is, however, one difference 
which must be recognized. In proi)er doses and under appropriate circumstances 
l)oth salt and antibiotics are beneficial, whereas there is no known benefit from 
any dose of lead. Yet lead is present in all biological systems, including primitive 
human societies far remove<l from auto exhaust or other man-generated sources. 
It is not a question of whether or not i>eople have lead. They all do. It is rather 
a question of how much lead they have and how much is harmful. So far as adults 
are concerned, the general population is exposed to far less lead than are workers 
In battery factories and lead smelters who remain in goo<l health in spite of their 
high exposure as compared to the general public. This is not to say that men in the 
lead industries never get intoxicated. On occasions they do, but only at exposure 
levels well above tlie exposure level for the general public. 

This also is not to say that there has been no concern in the scientific commu- 
nity pertaining to the consequences of general atmospheric lead for human health. 
Far from it. There have been literally thousands of studies conducted relating to 
the consequences of lead exposure. And these studies are being continued. This 
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va»t literature was recently summarized and evaltiated iiy a panel of experts 
under tlie sponsorship of the National Academy of Sciences. I was privileged to 
lie the cliainnau of that imnel, and I can attest to the diligence, competence, and 
objectivity with wliicli the study was conducted. The major concern expres.sed by 
the imnel was refcarding the possiliility that very young children in areas of high 
vehicular traffic density might month or eat sufficient lead-l)earing street du.st and 
soil to jiose a threat to their bealtli. Lead i)oisoning indeed is an all-too-frequent 
occurrence among cliiUlren of the inner citie.s. But the .source of lead identifle<l 
in tlie va.st majority of cases has been lead-ba.sed imints which tbe.se chlWren chew 
and swallow. It is at jiresent uncertain to what extent soil and street du.st con- 
taminated with lead from auto exhaust fall-out contributes to the problem. But 
what little evidence lias been adduced so far suggests that this Is proliably not a 
significant .source. I"">irther evidence is nee<le<l on this point. Current research 
ongoing in a number of laboratories around the country will no doubt .soon provide 
more c<mclusive evidence as to the role of anto exliau.st fall-out as a source of lead 
In young children. 

Tlie second sentence in the EUF statement relates to the contribution of auto 
ezhau.st emissions to lead pollution. No one really knows wliat the contribution of 
iiulo exbaiist is. It is true that approximately i)8'7ti of inventoried emissions are 
nttributable to the comlmstion of ga.soline. But it is not to be concluded from this 
that 90% of the total lead vented into the atmosphere originates from auto ex- 
haust. For one thing, a substautial fraction of lead from gasoline coml)ustiou is 
trapped in the engine. For auotlier, tiiere is a difference liefween inventoried 
emissions and total emissions. Tims, while we know how much tetraethyl lead 
is sold annimlly and is probably combusted, we have no way of estinmting the 
amount of lead vented into the atmosphere from certain other sources such as 
the burning of lead-containing waste in city dumi>s. The combustion of leaded 
ga.soline may well account for nH)st of the man-generated atmospheric lead, but 
(o place a number ou the contribution made is unwarranted. 

I'anl B. Hammond, D.V.M. 
l>ept. of Environmental Health 
Kettering Lal)oratory 
Univ. of Cincinnati Medical Center 
.1223 Kden Avenue 
Cincinnati, Ohio 

tEdltorinl from tlip Wall Street .Tournnl. Nov. .^O, 1973] 

DECISION O.N CATALYSTS 

Sold on the idea that catalytic converters will not only clean automobile emis- 
sions but also yield a 13% improvement in gas mileage, the ."Senate Public Worlcs 
Committee this week decided to give Its blessing to the devices. T'niess the 
House decides in the next few days to di.spute this decision, most cars mnnti- 
factnred next summer will be so equipped, adding .$150 to the price of each aut<» 
and, more importantly, committing tiie nation to them for years to come. 

The committee did vote 11 to 3 to delay for one year a further tiglitening of 
the nuto-emi.ssion standards lieyond requirements for the 1975 models. But this 
was a trivial gesture when comjiared to the committee's embrace of the catalysts. 
Ctenernl Motors Corp.. the chief catalyst enthusiast, has indicated it will equip 
almost all of its lOTii mmlels with catalysts: Ford and Chrysler will probably 
equip the majority of their cars with them. Once embarked on this course, whicli 
involves considerable inve.stment by the antn and petroleum industry, it's likel.v 
the nation will be denied more promising technology into the next decade. 

AVbat finally seems to have swung the committee away from the course we 
recommende<l—a freeze of current standards tuitil the National Academy of Sci- 
ences completes its study of them—is that 13% mileage benefit claimed for the 
catalyst by General Motors. If it were indeed true that OM's 1975 models will 
get car-for-car 13% Itetter mileage than its 1974 models the catalyst would nt 
lea.st have some benefit to set against its other drawl>acks. If the nation goes to 
gas rationing, there might even be a public stampede to fit the gas savers to cur- 
rent models; they'd pay for themselves in a year or so. 

But this isn't quite what OM is saying. First, the 13% saving only api)Iies t<i 
city driving: it's much less on the highway. Secondly, the 13% saving was cnl- 
ciilated on a sales-weighted basis. In other words, all of the 1975 models OM 
produces will show a 13% mileage benefit over all the 1974 cars it is selling when 
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tliose two auto populations are compared In stop-and-go city driving. Clearly, a 
great deal of the 13% is explained not by catalysts but by the fact that GSI exijects 
to sell a lot more small cars in 1975 than in 1974. This tells you .something, by the 
way, about the statistics GM used in selling its catalyst position. 

It is fairly certain tliat on a direct car-for-car conipari.son a 1975 model with a 
catalyst will have better gas mileage than a 1974 model without one. Ford and 
Chrysler figure the gain at 3%. This isn't because the catalysts, which are plugged 
into the exhaust system, make the car run better. But to meet the 1974 emmission 
standards the car makers have had to untune the engines from their peak effi- 
ciencies ; adding the catalyst permits them to recapture a bit of that lost efficiency. 
That 3% gain will be more than wii)ed out. however, by the requirement that 
catalysts use only unleaded gas; to reflne gasoline into higher octanes without 
using lead means a i% or 6% gasoline loss in the retlning pr(x>ess. 

Unfortunately, it will cost the petroleum Industry .several billion dollars over 
the next decade to accommodate the catalysts, and we do not even know if the 
emission standards they are designed to meet are valid. The National Academy 
is now spending $500,000 to find that out. Worse, the catalyst course will inevitably 
mean delays in development of the stratitied-cbarge engine, which promises real 
fuel savings and clean emissions. We are least lioi)e that one rumor we hear proves 
unfounded and that the Senate committee will have the decency to refrain from 
calling its cataly.st decision "The Fuel Economy Bill." 

Mr. ]iL.\xtii.\iii). Mr. rhairmaii, Mr. Hassclberg and I will I)e glad to 
respond to questions, or if you would prefer, perliaps you would rather 
have Mr. Butler make his statement and then all three of us will be 
available. 

Mr. R(K!ERs. Yes: Mr. Hutler, why do you not make your statement. 

STATEMENT OF ROBERT C. BUTLER 

Mr. BuTLKK. Thank you, Mr. (^hnirman. members of the committee, 
my name is Robert C. Butler, I am manager of environmental affairs 
for the petroleum chemicals division of Du Pont. I apologize that I do 
not have a written statement. I learned only early this afternoon that 
I might have an opportunity to make a few comments to the committee. 

I would like to start by endorsing the conunents presented for API 
by Mr. Gammelgard. Wo concur in the points they made. I would like 
to describe, just briefly, some work which I)u Pont has been doing for 
a number of months on the relationship between air quality and auto- 
motive emission standards. 

One of the problems, we l)elieve, is that the automotive omission 
standards are not soundly related to the air qtuility standards which 
they are intended to achieve. 

Mr. RcxjKRS. E.xcu.se me. what is the lead standard ? 
Mr. BTTTI.EI!. Sir, theie is no Federal lead standard at the moment. 
Mr. R<KJKR.s. None related to lead 'i 
Mv. BiTTi.KK. That is correct, not on a Federal basis. 
Mr. R()«KKS. I thought that was correct. 
Mr. C.Mrreit. Mr. (^hairman '. 
Mr. RooKRs. Yes. 
Mr. CvRTER. If you would yield, on that basis, I asked that question 

today ami they mentioned the figure of 2 micrograms per cubic meter, 
while at the same time they stated that toxic level in the blood is 40 
micrograms per cubic meter—I believe I am correct in that. These fig- 
ures are grossly in error. 

Mr. ROGERS. Yes; but I think there is no published standard. 
Mr. C\RTER. You are correct. These figui-es are incorrect. 
Mr. RtKJERs. Yes. 



Mr. BUTLER. Sir. in this case. I was referring^ to the standards for 
gaseous pollutants from automobiles, hydiocaibons, carl)on niono.xide, 
and nitropen oxides, rather than specifically to lead. 

Mr. ROGERS. Sure. 
Mr. BUTLER. Our studies have shown for example that, the 1974 

emission standards for cnrlwn monoxide arc adequate to insure that 
the air quality staudaid for that pollutant can be attained. We have 
somewhat less information on hydrocarbons ami nitrogen oxides, but 
pi-eliminary indications are that the mandated emission standards for 
those two pollutants are also more severe than is necessaiy. Earlier this 
afternoon, I believe EPA indicated that that was also true for the 
nitrogen oxides. 

We have looked more oarefully at carbon monoxide because there is 
a great deal of data available on that pollutant. I would like to em- 
phasize that we are not i)ioposing any compromise or any change in 
the health-related air quality standards no compiomise with clean air 
or air quality. Ratiicr, our studies indicate that the level of air quality, 
which is presently established as the air quality standard, can, be ob- 
tained with a lesser degree of control than is now mandated by the 
Clean Air Act. 

If air quality goals can be achieved with a les.ser degree of control, 
then the fuel economy penalties that have been discussed here this 
afternoon, can be avoided. If the standards are frozen at the 1974 
levels as has been proposed, the use of catalytic devices and the prob- 
lems associated with them can be avoided. 

More stringent emission .standards, in general, mean a greater loss 
in fuel economy. The amount of that loss is open to debate, but cer- 
tainly the direction is not. Claims of impioved fuel economy, with 
catalytic systems, need to be related to the standards which are achieved 
with those systems. 

Claims of improved fuel economy are often related to 1!)73 models, 
the fuel economy of which is already poor. 

Let me explain some of the results that we have achieved in our 
efforts to develop a more precise relationshij) between automotive emis- 
sions and air quality. We found in examining air quality trends for a 
10-year period, that the carbon monoxide levels in major urban areas in 
the conntrv has been trending downward. This is coincident with a 
corresponding decrease in the carbon monoxide emissions from auto- 
mobiles. 

We find the observer air quality standard for carbon monoxide, can 
be met with tailpipe emission standards considerably higher than the 
presently mandated 3.4 grams per mile. Our analysis would indicate 
that a value of 30 grams pei- mile would be adequate to achieve the 
carbon monoxide air quality standaid in Chicaffo the city that was used 
as the basis for the standard. We fiiul that the rollback calculations 
that are being used by EPA to derive emission standards and aiv now 
lieing used to predict future carbon monoxide levels, do not conflate 
well Avith what is actually happening in the atmosphere. 

Analyzing air quality trends, provides an excellent means of estab- 
lishing a relationship between tailpipe emissions and air quality. As 
you are aware, the National .\cademy of Science is conducting, a study 
to determine the validity of the air quality and emission .standards 
as mandated bv the Clean Air Act Ameiulmonts of 1970. AVe urge that 
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the emission standards be retained at the 1974 level which would not 
require a catalyst until the results of the National Academy of 
Science study are available. 

We believe that the environmenal risks of keeping the stringent 
1973-74 standards in effect, for an additional year or two are small 
compared to the long-range consequences of imposing unnecessarily 
restrictive standards. Thank you, Mr. Chairman, I will also be happy 
to answer any (piestions you might have. 

Mr. RooKRS. Thank you, Mr. Butler. Mr. Satterfield ? 
Mr. SATTERFiKrj). Thank you. Mr. Chairman. 
Mr. Butlei-, do you know when the National Academy of Science 

studies that you mentionetl are expected to be published? 
Mr. liiTLKH. The final repoit of that stiulv, sir, is due in August 

1974. 
Mr. SATTKRFIKU). So that would be at a time when the 1975 models 

are actually coming on the market ? 
Mr. BuTi.F.n. That is correct. 
Mr. S.MTKRKiKiJ). Are you familiar with any study that is going on 

with resjject to emissions from catalytic devices such as sulfur oxides, 
sulfuric acid mist, and the like ? 

Mr. BtTi.Kii. We have done no work in that area, sii'. but I am fa- 
miliar witli the work that othei-s have done. 

]Mr. S.vn'KRFiKM). Some studies aie still in progress, are they not ? 
Mr. BuTi.ER. Yes, they aiv, including one i>y the Environmental 

Protection Agency. 
Mr. SATTKRFrF.ij). Ts theie any alternative way to keep lead out of 

the air, other than taking it out of the gasoline, in terms of burning 
leaded erasoline in an automobile ? 

Mr. BuTLF,R. Yes, sir, it has been Du Pout's position that what we 
are really concerned abo\it, if there is need for concern at all, is lead 
emitted JFrom the tailpipe of the automobile, not what is in the gaso- 
line. There are lead-trapping systems which are quite effective in 
removing the lead before it is emitted into the atmosphere. 

Our work has shown that the overall trapping efficiency is some 90 
percent. In other words, only 10 percent of the lead in the gasoline 
would be emitted into the atmosphere. The allegation has been made 
that such traps are not as effective on the small particles that would 
remain airborne for some period of time. We find in our test work that 
they arc some 70 to 75 percent effective even on the submicron sized 
particles. 

Mr. SATT>:nFiF,ij>. Are you familiar with any studies which have 
been submitted to EPA that woul tend to substantiate your viewpoint 
on this? 

Mr. Btrrr.ER. Sir. our test work has been made available to EP.\ as 
well as tests which they have had conducted for them by Dow Chemical 
Co., in Michisran, and othei-s. T know that test work, done by our 
competitors sitting next to me here, and others, has also been made 
available to EPA. 

Mr. SATrERFiFXD. I would like to ask Mr. Blanchard that question. 
I know that you have been involved, if I read the newspapei*s cor- 
rectly, in a case in which you were able to obtain cortain papers that 
had been filed with EPA, is that correct ? 
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Mr. BiiANCHARD. Yes; we bronpht a Freedom of Information Act 
suit that has received some considerable publicity liecause it happened 
to be going on at the same time of another Freedom of Information 
matter. And as a result, we have been able to finally get EPA to give 
us, I think the latest count was eight feet of documents, which we have 
been finding of considerable interest in wherever we go from here. This, 
however, does not seem to have convinced them. 

Mr. SATTERFIFXD. Have you found that these documents would indi- 
cate that lead is not the health hazard that might have been indicated 
earlier? 

Mr. BLANCHARD. "Well, as I think you gentlemen know, all you have 
to do is push that button on me. and vou better watch the clock, because 
I feel  

Mr. SATTERFIKI-D. Maybe I had Ijetter rephrase the question. 
Mr. BLANCHARD. And in all seriousness, Mr. Sattcrfield. that is w\v 

we have attached this letter which I have attached to my statement 
which I think is one of the most impressive summaries we have seen. 
One thing that has been so difficult about the lead issue is that it is so 
complicated. I think that even our opponent will agree with that, that 
it is a very complex issue. This is something that has been presented 
in a relatively short amount of space, and it is done—as I say, by the 
man who was the Chairman of the National Academy of Science's 
study that was done at the request of the EPA. The only trouble was 
that EPA did not like the outcome so they started over to do another 
study which came to an opposite conclusion. 

But, this is the summar}' of it by Dr. Hammond, himself, which I 
think speaks on the subject certainly with more credibility than I have. 

Mr. SATTKRFIEI-D. Let me ask you this. Are you familiar with a state- 
ment made by John Quarles, Deputy Administrator of the Environ- 
mental Protection Agency, on November 28 when he announced a 
phasedown plan? 

Mr. Bi-ANfUARn. Yes. I have reviewed the transcript of it; I was not 
at the press conference. 

Mr. SATTF-RFIEU). I would like to inAite your attention to some things 
he said, although he pointed out that the matter was complex, as you 
indicated, and suggested that thei-e are areas that need to be explored 
in terms of lead paint, lead in dust, lead particles in the air, and the 
like. He then made this statement: 

First I would like to point out a few key points on which our current air 
knowledge is incomplete. Research has not documented without reasonable doubt 
the levels of airt)orne lead in ambient air at which health effects in ixrsons would 
be caused. 

For this reason, we do not have a basis on which ambient air qualit.v standards 
for lead could properl.v be established at this time. 

We also have not l)een able to determine, with any high degree of precision, the 
specific sources of lead exposure in cases where persons have developed excessive 
blood-lead levels, although of course lead in peeling paint has been identified as 
the primary source of lead poisoning among urban children. 

Finally, we have only limited knowledge on the extent to which significant 
adverse health effects may result from lower levels of exposure below the exces- 
sive blood-lead levels, causing severe clinical injury. 

Would this square with what you have been able to ascertain through 
your action in court? 

Mr. Bi,ANrii.\RD. Yes. and we think this was an admittedly unusually 
candid statement for EPA to make at the time of issuing tlieir regula- 
tions. Obviously, what we do not understand is, after having said that. 
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what the basis is for restricting them. They admit that they do not 
have the ne^'essary information to come out witli the ambient standards 
which have been put out on many other items in the atmosphere— 
sulfur, as an example. Congress is now considering, in view of the 
energy crisis, that we are going to have to waive some of these 
standards. 

Here, they admit they do not have sufficient information to establish 
an ambient air standard. And under those circumstances it certainly 
seems clear to me that it is appi-opriate. when the question is whether 
we are going to have any gasoline to nin any cars, is to consider the 
ways that will extend oui- gasoline usage, certainly during the energy 
crisis, despite this determination. 

Mr. SATTT'^RFratD. I must say I found this puzzling also when I read 
it, and I would like to ask any one of you gentlemen at the table whether 
or not there are any additives which could replace lead in gasoline to 
produce an analogous performance efficiency in gasoline? 

Mr. BLANCHARD. I would like to answer that, Mr. Satterfield, because 
the EPA goes out of its way to kick us an extra lick when we are down. 

It is pretty well known that Ethyl for a long time has worked on 
a manganese additive, which we have never contended was remotely 
as effective as lead—certainly not in the same ballpark as to effective- 
ness. But it is something that conceivably could add an extra octane or 
two, compared to three to eight, or some such thing, that lead can 
add. It is something that we have been doing a gi'eat deal of research 
and testing on, and have been working with them on. They go out of 
their way in these documents to say that they are not satisfied that that 
meets their health standards, and obviously from their attitude it will 
make quite a few years to convince them, presumably, whatever it takes 
to convince them that this additive would not be hazardous. But that 
is the only one that I know of that anyone has remotely suggested might 
conceivably be a substitute for lead, except the one that 1 have talked 
about Ijefore your committee so many times l>efore, is that the only 
substitute for lead is aeromatic hydrocarbons, that if you take the lead 
out, and if you are going to keep roughly the same octane number, then 
what you have to do is increase the aeromatics that are addexl to gaso- 
line, which are themselves hydrocarbons, as you know, and which we 
think raise infinitely more, serious health questions than have ever been 
suggested about load. But that is another subject, and I am .sure it will 
take longer than you gentlemen have tonight, and you have heard me 
on it before. 

Mr. SATTERFIKLO. Thank you. Mr. Blanchard. 
Thank you. Mr. Chairman. 
Mr. ROGERS. Dr. Carter? 
Mr. CARTER. Thank you. Mr. Chairman. 
Taking lead out of gasoline and making an unleaded gasoline would 

cost us how many barrels of gasoline per year? 
I believe you said as much as was pi-oduced in the State of California. 
Mr. BLAxniARn. Well. I say—to l>e conservative, I say two-thirds of 

the amount. I think it is probably as much, but I want to be cautious. 
Mr. Carter, that is an extremely difficult thing to explain simply, 

as you have heard these people at this table wrestling with it today. To 
answer the question. I think you have to go at it backwards. If you will 
permit me one moment, and that is that you have to take my word for 
the moment that the. generally speaking, the maximum efficient level 

29-172 O - 74 - » 
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to operate an automobile to jret the most miles per jrallon is at a given 
compression ratio, whicli—T will not try to argue precisely for example, 
let us just pick somethiufr simple and say a 10-tfl-l compression ratio, 
which happens to be—and it is a pure happenstance of physics—that 
happens to require an octane number of about 100. roughly 100 octane 
will operate a given engine at roughly maximum efficiency. 

Ix'ad adds octane to any given level of gasoline that you have re- 
fined. It used to refine it up to. oh. Phillips 66 way back. Ijater gaso- 
line got up to 70 octane. Later it got up to 90. and eventually, coming 
after World War IT, when we operated airplanes on 100 octane, 100 
octane became a standard. 100 octane is maximum, roughly, efficiency, 
to get you this 10-to-l compression ratio. 

Now. if you want to take lead out of gasoline and go from today's 
pool—whatever you want to say it is. You heard today that average 
jjool is probably 88i/^. To get from pool today to 100 octane, which wul 
permit you to operate engines at maximum efficiency, will require to 
go through that refining process an additional 6 percent more crude 
oil. gi\e or take a half a percent, generally speaking, as described 
around the world as 6 percent more cnide. 

Now, you say, okay, but so what? We do not want to do that. We 
would rather come on down and quit operating in a 10-to-l com- 
pression ratio. We would rather come down and operate at some other 
compression ratio that wc can operate at and not do anything more 
to the gasoline. We got an 881/^ pool right now, do not do anything 
more to it. I^eave it alone. 

What compression ratio can operate at then ? 
Forget exactly what that compression ratio is. I am not smart 

enough to argue with you as to what it is. It is somewhere I will just 
say 8 to 1. to make it simple. 

"\Miatever it is to operate at 8 to 1. you will lose between 10 and 12 
percent gasoline mileage to come down to that compression ratio, which 
wastes .5 to 6 percent crude oil. as distinguished from the 10 to 12 per- 
cent gasoline since you get a half barrel—^a barrel of crude yields 
about a half a barrel of gasoline. 

So you can look at it either way. I^ad either i)ermits you to get your 
octane up to the most efficient compression ratio, or if you want to say, 
the heck with the compression ratio, we are coming down to whatever 
our pool gas is, you will lose the same amoimt of efficiency in your gaso- 
line. AVhich is why we say lead saves alx)ut 6 percent of all o^ our crude 
oil. Now. you can take that baby I just described, and slice it half in 
two. a third in two, or you can cheat like General Motors does. 

You can pretend you are satisfying all of the cars with 91, and you 
are not losing but just a little bit on your compression ratio. Well, I 
stibmit that even they have never l)een able to re|>eal the law of thermo- 
dynamics, and I simply do not believe what they say. I thiak you are 
still going to waste 6 percent of your crude oil, or you can waste 12 
percent of your gasoline any way you slice it. 

Mr. CARTER. HOW much is a microgram ? 
Mr. HKSSELBERO. One millionth of a gram, Mr. Carter. 
Mr. CARTER. One millionth of a gram. 
And a cubic meter is how much of an edge ? 
Mr. HESSEI-BERO. It is about S,*) cubic feet. 
Mr. CARTER. It is .'i9.;?6 inches on an edge, is it not? 
Mr. HESSELBERG. It is about 35 cubic feet. 
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Mr. CARTER. On an edge, the edge would be 39.36. 
Mr. HESSEI>BERG. Yes; bnt it comes out to about 35 cubic feet. 
Mr. CARTER. And would a pencil point on the face of a cube repre- 

sent 2 niicrogranis or not on a cube of that size 'i 
Mr. HEssEiJiERG. I do not have really any idea of the weight of a 

dot of a pencil point, Mr. Carter. But it is very, very small, obviously. 
A millionth of a gram, and considering that there are about 29 grams 
ill an ounce, you are getting down to—putting it in English system 
terms you are getting down to pretty small weight. 

Mr. CARTER. It almost approaches infinity, does it not ? 
Mr. HESSELBKRC. It is very small. 
Mr. CARTER, ^'es, sir, compared to a cubic meter. 
Mr. HESSEIJJERG. Of air. 
Mr. CARTER. Yes. sir. 
Mr. HESSELBERG. I think, Mr. Carter, there was a statement made 

that was originated with the EPA people, and I think they were just 
misquoting. They were talking about blood lead levels, and quoted 40 
micrograms, and inadvertently, I am sure, said per cubic meter of 
blood. I am sure you are aware that they meant 100 grams of whole 
blood, and not a cubic meter of blood. It is quite a bit of blood. 

Mr. CARTER. It really is. 
Mr. HESSELBERG. They were off by a small factor of blood. 
Mr. CARTER. Well, I believe they also said of the ambient air that 

there is not a standard, but, when I asked them that question, they 
mentioned 2 micrograms per cubic meter. 

Mr. HESSELBERG. This is the number that they proposed some time 
back in an earlier proposal they had proposed, revised and reproiX)sed 
this lead regulation at a date sometime back. They one time felt that 
they could justify, and attempted to justify, an ambient air standard 
of 2 micrograms per cubic meter. This, as they have now admitted, 
was a rather vain attempt and was pretty thoroughly discredited by 
the scientific community. 

Mr. CARTER. AS scientists, how difficult would it be to measure that, 
or to arrive at, or to find the concentration of 2 micrograms per cubic 
meter ? 

Would it be pretty difficult or not? 
Mr. HESSELBERG. It requires very specific, detailed, analytical pro- 

cedures. To do it, you do not measure 1 cubic meter. You determine 
by the use of pumps and filtration the amount of lead that is in many 
cubic meters, then you analyze that and ex|uate it to the cubic meter. 
But it is—yes, a very difficult technique. It is one that is generally, how- 
ever, used by the .scientific fraternity, and they are capable of measur- 
ing values in this order with a considerable degree of accuracy. 

Mr. CARTWI. Thank you, sir. 
Mr. RtKJERS. I just have a couple of questions. Mr. Butler, I think 

it would be helpful if you would make available yo\ir studies to the 
committee. 

Mr. BUTLER. I would be happy to do tiiat, Mr. Chairman. I have 
copies with me. 

Mr. ROGERS. And I guess you gave us pretty much a summary but 
if that needs to be amplified, if you would do that and then give us 
the backuj) material for our files, it would be helpful. 

Mr. BUTLER. I would be pleased to do that. 
[Testimony resumes on p. 169.] 
[The material referred to follows:] 
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RELATIONSHIP BETWEEN AUTOMOTIVE 

EMISSIONS AND AMBIENT 

AIR QUALITY LEVELS 

SUMMARY 

Aerometric data collected by the Federal government in the 
CAMP program for the past ten years has been used to develop and 
evaluate specific relationships between automotive emissions and 
ambient air quality levels.   This study has been focused mainly on 
carbon monoxide to date.   Verification tests have shown that little 
confidence can be placed in the prediction of air quality given by 
either the simple rollbadc model or the modified rollbadc approach 
currently used by EPA. 

An Improved relationship between automotive emissions and 
air quality has been develoi>ed based on analysis of measured air 
quality trends.   Use of tills approach has shown that reduction of 
automotive vehicle emission rates to an average of 29 grams per 
mile should result In attainment of the amljlent air quality standard 
for carbon monoxide even in the worst urban areas. 

I. Du Pont De Nemours & Company 
Petroleum Laboratory 

Wilmington, Delaware 19898 

September 10, 1973 
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SCOPE OF DU PONT PROGRAM 

The objective of the nationwide effort following the passage of the Clean 
Air Act Amendments of 1970 is to achieve and maintain levels of air quality 
adequate to safeguard the public health and welfare.   Because of the potentially 
large economic, social, and environmental costs of this effort it Is vital that 
the relationship between the protection of health and welfare and the actual 
oontrol at specific pollutants be determined as precisely as possible. 

We visualize the process of arriving at the proper course   of action to 
be as shown in Figure 1.   Objective studies must be made to determine the 
effects of pollutants on human health and on welfare which Includes the aesthetic 
qualities d life as well as damage to plants, animals, and inanimate objects of 
value.   Based on these studies, the first Judgmental point. Step A, in tlie process 
must be considered. 

Step A is to answer the question of what levels of air quality are needed 
to adequately protect public health and welfare.   Of necessity this step is not 
precise because all of the knowledge needed is not and probably will never be 
available.   As a residt, factors of safety must be introduced to insure that health 
and welfare are not Jeopardized.   The magnitude of the factor of safety is open 
to debate because of differing Judgments as to the adequacy and accuracy of the 
medical and environmental studies.   Also, because a larger factor of safety 
ultimately requires more stringent, and thus more costly, control measures 
the question of cost versus l>eneflts to be gained arises.   Resolution of these 
problems inherent in Step A could result in the establishment of primary air 
quality standards designed to protect public health and secondary air quality 
standards designed to protect public welfare.   Alternatively, a range of air 
quality standards could be determined which will yield varying degrees of 
benefit to the public.   The ultimate cost of alternative control strategies can 
be contrasted to the benefits to arrive at an assessment of cost-benefit ratios. 
In either case, a set of air quality standards can be established to allow con- 
tinuation of the process of determining the courses of action. 

Establishment of air quality standards allows the second Judgmental 
point. Step B, in the process to be considered.   Step B is to answer the question 
of how much emissions need to be reduced to achieve the air quality standards 
In a given time period.   This step, similar to Step A, is also not precise because 
once again all of the information needed is not available.   The most significant 
gap in our knowledge in this area is the relationship between the amounts of 
pollutants emitted from various sources and the resultant levels of pollutants in 
the atmosphere.   Various models to predict this relationship have been proposed 
but, as will be discussed In detail later, they are not adequate.   Also needed in 
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Figure 1 

CONTROL OF AIR POLLUTION 

Medical and Environmental Studies 
to Determine the Effects of Air 
Pollutants on Health and Welfare 

Step A - What Levels of Air Quality Are Needed 
to Protect Public Health and Welfare? 

Primary and Secondary Ambient Air 
Quality Standards 

Step B - How Much Must Emissions Be Reduced 
to Achieve the Air Quality Standards in 
the Desired Time? 

Alternative Emission Control Strategies 
and Source Category Standards 

Step C - What Are the Most Cost Effective 
Emission Control Measures? 

Implementation of Control Strategies 
and Emission Control Technology 
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step B are firm data on past and present ambient air levels, emission levels 
from various sources, the growth rate of the sources, and the degree of control 
which has been or will be applied to these sources.   Not enough data on these 
points are available either.   Again, differing judgments have been made based 
on the data available to estimate the degree of emission reduction required to 
achieve the air quality standards.   Once the degree of reduction in emissions 
is estimated, or alternately a range in reduction estimated, alternative stra- 
tegies to achieve control and appropriate source emission standards can be 
determined. 

The last Judgmental step in the overall process is Step C which is to 
determine the most cost effective of the alternative means to achieve the desired 
control of emissions.   Once again this step is not precise because the costs in 
terms of economic, social, and environmental factors have not been quantified. 
This lack of quantification is due in part to Inadequate data on the cost of alter- 
nate control measures.   Again, differing assessments have been made to deter- 
mine the preferred control measiires.   Establishment of preferred control 
measures enables specific emission control strategies and emission control 
technology to be scheduled for implementation. 

Once the final decision on implementation has been made the total costs 
can be estimated and compared with the benefits to be expected due to the 
reduction of air pollution.   If alternative implementation plans are considered 
then the cost benefit ratio for the different plans can be used as a guide to 
choose the best overall means to protect health and welfare.   Unfortunately, 
the uncertainties inherent in Steps A and B make it extremely difficult to 
arrive at definitive assessments of what degree of emissions control is needed. 
These uncertainties coupled with the uncertainties in Step C prevent quantitative 
assessment of the cost effectiveness of various implementation plans and thus 
the determination of the overall cost benefit ratios. 

We at Du Pont looked at this process of determining the proper course of 
air pollution control with respect to those pollutants associated with automotive 
emissions.   We concluded that the weakest link in the process was Step B be- 
cause of the lack of an adequate understanding of the relationship between 
emissions levels from various sources and tlie resultant atmospheric levels of 
the pollutants. 

Further examination of Step B revealed that it should be easier to arrive 
at definitive relationsliips for carbon monoxide than for hydrocarbons or nitrogen 
oxides.   In urban areas automotive traffic is the dominant source of carbon mon- 
oxide whereas other sources are major contributors to hydrocarbons and nitrogen 
oxide emissions.   Also, carbon monoxide does not react rapidly in the atmosphere 
and thus it would be more likely to be directly related to emission rates than 
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bjrdrocsrtxnis or nttrogen oxides wUcb caoi ondergD atmospheric reactions. 
Accordingly, we have examined Tarioos models to rxplam tbe relationship between 
emisaion rates and atmospheric lerels of carbon monoxide.   Once a model can 
be validated for the simplest of the automotive pollatants it might then be 
extended to the other pollatants. 

The studies we have made on carbon mmoxfde are snmmarlEcd in chrono- 
logical order In the succeeding sections of this report.   Details at the studies 
are covered in tbe Appeodices.   Tbe areas of tMs investigation and tbe ma)or 
findings were: 

ample Rollback Model -  The simple roDbadc approach as used 
in the past was found not to be applicable to the |a«diction of 
carbon monoxide trends in major urban areas. 

Air Quality Trends - The downward trends of the observed highest 
levels of carbon monoxide in tbe CAMP cities were compared with 
known reductions in vehicle emission rates. The variability in the 
highest observed levels resulted in poor crafldence in future predictions. 

Annual Means - 'A very good relationship was found between tbe ammal 
mean carbon monoxide levels and the fraction of the time that the air 
quality standard was exceeded in the CAMP cities.   This relationship 
predicted with a high degree d confidence that an annual mean of 2.3 
ppm carbon monoxide would be low enough to allow the air quality 
standard to be met.   Comparison of recent annual mean values to the 
needed level allowed calculation of the degree of emission reduction 
required for automobiles.   This study indicated that reducing tbe 
average automobile emission rate of carbon monoxide to 29 grams 
per mile would be sufficient to meet tbe ambient air quality standard. 

Modified Rollbadc -  The modified rollback approach currently used by 
EPA was applied in tbe CAMP cities to predict levels of carbon monoxide 
for tbe past several years.   Tbe difference between tbe predicted and 
observed carbon monoxide levels was found to be unacceptably large 
since the prediction error was of tbe same magnitude as the observed 
levels. 

SIMPLE ROLLBACK MODEL 

Tbe use of diffusion models of the urban atmosphere for prediction of 
ambient air quality appears promising.   To date, however, this modeling technique 
has not been developed to the point where it can be used to establish emission stao- 
dards.   Thus, practical technical estimates of needed emissions reductions have 
been made on tbe basis of the so-called "rollback" approach.   This approach 
assumes that the pollutant concentration is proportional to the emission rate of 
that pollutant In an air basin, with a small correction for the background level of 
the pollutant. 
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The "simple" rollback equation Is 

R ^ (GF) (EAQ) - (AQS) 
(GF) (EAQ) - (B) 

where R = fractional emission rate reduction 
required to achieve the air quality standard 

GF = emission growth factor 
EAQ = existing air quality 
AQS =  air quality standard 

B = background air quality 

The first problem in applying rollback methodology is the validity of assim!i- 
Ing direct proportionality between emissions totaled over an air shed, and peak 
concentrations encountered at specific points in the air shed.   If this assumption 
is true, then It would be Justifiable to project future air quality at any point In the 
region on the basis of the anticipated growth of the entire urban complex.   This 
would also imply that ambient pollutant concentrations at all points within an air 
abed are directly related. 

We made a test ol this assumption for Chicago, using data from the EPA 
CAMP station in the central business district, and from outlying air sampling 
stations operated by the City of Chicago.   Two of these sites are in residential 
areas, and the other two are near expressways, at distances from 2.5 to 12 miles 
from the center city CAMP station.   The analysis, described In detail in Appendix 
A,  showed that dally average CO concentrations at the five stations were essentially 
unrelated.   Evidently this indicates that ambient atmospheric carbon monoxide air 
quality data should be related to nearby, not remote, traffic activity.   Chicago 
central business district traffic, rather than metropolitan area traffic, should be 
considered therefore in attempts to explain air quality measured at the CAMP 
station. 

This analysis points up the second problem In applying rollback, namely 
proper choice of the growth factor.   Cordon traffic counts verify that traffic 
saturation exists in the Chicago central business district around     the CAMP 
station, as illustrated in Figure 2.   It is generally agreed that no significant 
Increase of vehicle use can reasonably be expected in other large urban business 
districts either.   Therefore, it appears that simple rollback cannot be applied to 
develop projections of air quality in mature urban regions on the basis of anticipated 
fringe regions growth. 

EDITOR'S NOTE:     Appendix A may be  found   in the conolttee's  flUa. 
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Fig. 2 - Weekday Daytime Traffic in Chicago 
Central Business District 

AIR QUALITY TREND ANALYSIS 

An alternative to the simple rollback approach is available which involves 
analysis of air quality trends.   The approach, developed as part of our studies, and 
described in Appendices A and B, is based on an examination of the aerometrlc data 
record for cities with long term measurement bases, to evaluate what discernible 
air quality changes have accompanied changes in pollutant emissions over the years. 

The case of carbon monoxide is mostly directly amenable to analysis because 
two simplifying assumptions can be made: 

• Carbon monoxide in urban areas originates exclusively 
with motor vehicles. 

• The half-life of carbon monoxide in the atmosphere is 
much longer than the air mass exchange period. 

EDITOR'S NOTE:  Appendix B may be found  In comnittee's  files. 
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Table I illustrates that there has been a general Improving trend in CO 
air quality over the years. 

TABLE I 

CAMP CITY AMBIENT CARBON MONOXIDE TRENDS 

Percent of Time the 8-Hour Federal CO Standard Was Exceeded 
Year     Chicago    Denver     Washington      Cincinnati      St.   Louis      Philadelphia 

26 
34 
30 
11 

5 
16' 
19 

1962 
1963 
1964 67 
1965 92 
1966 71 
1967 40 
1968 18 
1969 38 
1970 24 
1971 14 

11 
SO W 

5 20 1« 22 
2 2 21 W 
2 S 12 18 
S 6 7 19 
2 6 S 29 
0 - 1 1 
2 - 0 2 
2 1 1 1 

Over the same period of time covered by Table I, there also has been a decrease in 
the average CO emission rate of vehicles on the road.   This decrease. Illustrated 
In Figure 3, has resulted from retirement of older, uncontrolled cars, and their 
replacement with new models, which have met increasingly stringent emission 
standards. 
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Fig. 3 - Effect of Introduction of CO Emission 
Controls on Vehicle Population Mean 
CO Emission Rate 
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In the preceeding section, It was shown that Chicago central business 
district traffic is constant.   This condition of traffic-saturation is generally 
accepted as characteristic of mature center city districts, which coincide with 
the regions of expected maximum CO concentration, and with the locations of 
CAMP sampling stations.   Because traffic can be considered constant, the curve 
of average CO emission rate shown In Figure 3 can be used as an Index of total 
CO emissions in the vicinity of the air monitoring station.   This curve Is replotted 
on Figure 4, which also shows the highest 8 hour nonoverlapplng average CO con- 
centration in each month of record for the Chicago CAMP station. 
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Fig. 4 - Comparison of Vehicle CO Emission Rate 
and Monthly Maximum CO Values in 
Chicago 

There Is a striking correspondence between the slope of the CO emission 
curve and the trend envelope of peak monthly CO values.   However, a comprehensive 
analysis of the predictive value of this approach to determination of emission standards, 
given In Appendix C, shows that projections on the basis of trend envelopes are sub- 
ject to large uncertainty.   The sensitivity of trend line location to presence or absence 
of a few extreme values led us to the search for a more stable parameter describing 
air quality, which is discussed in the next section. 

EDITOR'S  NOTE:  Appendix C may be  found   In consnittee's  files. 
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MEAN AND EXTREME VALUES OF AMBIENT POLLUTANT 
CONCENTRATION AS MEASURES OF AIR QUALITY 

It will be recalled that the air quality standards for CO, hydrocarbons, 
and photochemical oxidant are specified as concentration levels, over given 
averaging times, not to be exceeded more than once a year.   Therefore, 
demonstration tliat the standards are being achieved, or evaluation   of progress 
toward achievement of the standards, requires a high degree of confidence that 
the air quality measurements used to estimate the frequency distribution of 
pollutant concentrations are representative.   Unless truly continuous measure- 
ments are made, the confidence of an estimate of the frequency of occurrence 
of a rare event, such as is implied by the air quality standard, is degraded. 
However, if it could be shown that a definite relationship holds between tlie 
number of violations of the concentration level of the standard, and a less 
sensitive property of the distribution, such as a long period mean, ttien that 
mean could be used to determine appropriate emission reductions to meet the air 
quality standards. 

By analysis of an aggregate of 51 years of data from the six CAMP cities, 
we established that such a relationship does hold, as shown in Figure 5.   The 
details of the analysis are reported in Appendix A. 

• CHICASO 
•DENVER 
• WASHINSTON 
'ST. LOUIS 
•aNCINNATI 
•PHILADELPHIA 

LOONORMAL 
DISTRIBUTION 
(8/l«aB) 

4       e       a      to     12 
ANNUAL AVERASE 00 

Fig. S - Relationship Between Exceedence of 
Federal 8-Hour Ambient CO Standard 
and Annual Average CO for All CAMP 
Cities 
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From this relationship, the annual average CO consistent with one annual occurr- 
ence of the 9 ppm - 8-hour average CO concentration was computed.   This value 
is 2.3 ppm.  An independent, strictly empirical analysis of the relationship 
similarly leads to the conclusion that the annual mean CO concentration consistent 
with achievement of the 8 hour CO standard is 2.3 ppm, with better than 98% 
confidence. 

The annual average CO data listed in Table II show that Cincinnati and 
Philadelphia were close to, or already at, the required 2.3 ppm level in 1971. 

TABLE n 

CAMP CITY AMBIENT CARBON MONOXIDE TRENDS 

Annual Average CO Concentration,   ppm 
Year Chicago Denver Washington Cincinnati St.   Louis Philadelphia 

1962 S.S 
1963 6.9 7.1 
1964 12.1 5.7 6.1 6.4 7.2 
1965 17.1 7.3 3.7 4.0 6.5 8.1 
1966 12.5 7.9 3.3 4.9 5.8 6.8 
1967 8.8 7.6 4.9 5.6 5.6 6.4 
1968 6.2 5.4 3.4 5.7 4.6 8.7 
1969 8.2 4.6 3.0 - 5.1 3.5 
1970 6.9 6.5 3.8 m 4.4 4.1 
1971 5.4 6.7 3.5 2.3 4.4 2.6 

The other cities were Btlll above the required 2.3 ppm annual average by varying 
amounts, although trending downward, in general. 

The one exception, Denver, has shown an Increase of ambient CO since 
1969, but this is apparently attributable to an excessive vehicle population mean 
CO emission rate resulting from the interpretation of the antitampering provision 
of the Clean Air Act Amendments to mean that altitude-tuning of carburetors is 
prohibited.   Asa result, vehicles at Denver's 5,000 foot elevation are rtmning 
significantly rich with resultant excess CO emissions. 

This explanation is verified by a recently reported EPA-sponsored survey 
of exhaust emissions from a total of 1,020 vehicles of the 1957-1971 model years 
which clearly showed that both hydrocarbons and carbon monoxide emissions in 
Denver were significantly higher, and oxides of nitrogen significantly lower, than 
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In the other citlea studied. As shown by the second column In Table in, the 
Denver 1971 vehicle population mean CO emission rate is nearly double that 
for Washington, D. C. 

The third column in Table m was calculated from the reported 1971 annual 
mean CO for each city, and the requirement for a 2.3 ppm annual average to meet 
the air quality standard as derived earlier.   When the percent reduction figures 
from column three are applied to the population mean CO emission rates in column 
two, the values in the last column are obtained, showing the CO emission rate 
consistent with achievement of the ambient air quality standard in each of the 
cities.   There is good agreement among the values for Denver, Los Angeles, 
St. Louis, and Washington.   The more stringent standard calculated to be necessary 
to meet the air quaUty standard in Chicago may well be the result of the meteoro- 
logical peculiarity of that city's pronounced lake breeze effect discussed in 
Appendix A. 

TABLE in 

VEHICLE CO EMISSION STANDARDS CALCULATED 
BY AIR QUALITY TREND ANALYSIS,  USING MEASURED 

1971 VEHICLE POPULATION MEAN CO EMISSION RATES 

Decrease of 1971 
Annual Mean Ambient 

1971 PopulaUon CO Required to Required CO 
CO Emission Rate, Achieve Air Quality Emission Standard, 

atv K/Mlle,   CVS-75 Standard,   Percent K/Mile.   CVS-75 

Chicago 66.37 57 29 
Denver 112.11 66 38 
LoB Angeles 74.44 53 86 
St.   Louis 74.81 48 89 
Washington,  D C.          61.87 34 41 

MODIFIED ROLLBACK 

Because of the limitations of simple rollback, recent official EPA air 
quality projections have been based on a "modified" rollback model, as discussed 
In Appendix D.   The modifications introduced by EPA are: 

(1)   consideration of six source categories, each with its 
own growth rate, and assumed degree of future emission 
control, and 

EDITOR'3 NOTE; Appendix D may be found in conmlttee's files. 
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(2)   Inclusion of a factor for each source category which 
weights the emissions according to their stack height. 

With EPA's cooperation in providing us with copies of their input data 
and computer program, we have conducted tests of the ability of the modified 
rollback model to predict air quality under various control strategies.   The 
observed air quality In three test cities was compared with the values com- 
puted from estimates of past emissions and growth rates. 

These validation tests of the current EPA version of the modified rollback 
air quality projection model, which are discussed in detail in Appendix D, show 
that the error of predicted CO values Is unaoceptably large.   The performance 
of the modified rollback method in projecting CO levels In Chicago Is illustrated 
in Figure 6. 

Based on our earlier analysis of the relationship between urban CO 
emissions and air quality, we believe this large prediction error is primarily due 
to that assumption of the modified rollbadc model which attributes equal Importance 
to CO emissions originating anywhere within the air quality control region (AQCR). 
It is important to recognize that the Federal AQCR's are geographically very large, 
•o that sources near their boundaries oannot reasonably be expected to have any 
significant influence on air quality in the central metropolitan area.   For example, 
the areas of the Chicago, Philadelphia, and National Capitol AQCR's are, res- 
pectively, 6067 mi^, 4585 mi^, and 2326 mi^.  If these regions were circular, 
their outer boundaries would be 27, 44, and 38 miles from the center.   As the 
regions are not circular, their farthest points are at even greater distances than 
those listed above.   Yet, tlie assumption of both the simple rollback, and of the 
current modified rollbadc, is that all sources contribute to determination of air 
quality at a receptor point in proportion to their emission rate, regardless of 
their distance from the receptor. 

PLANS FOR FURTHER DEVELOPMENT AND VALIDATION 
OF THE RELATIONSHIP BETWEEN AUTOMOTIVE EMISSIONS 
 AND AIR QUALITY  

To date, our efforts toward development of an objective methodology to 
relate emissions and air quality have focussed on carbon monoxide.   One factor 
which Influenced this approach is that CO is the simplest of the automotive 
pollutants to deal with.   The data base has been essentially restricted to CAMP 
measurements, because these span approximately one decade, and the sampling 
imder the CAMP program was done in urban areas chosen to be representative of 
of the dominant classes of U. S. cities. 
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The number of locations making aerometrlc measurements has been vastly 
Increased In the past few years In response to the requirements of Federal 
legislation.   However, this has not resulted In a proportionate increase In the 
data applicable to the problem of relating air quality and emissions, because the 
short time span oi the records at these locations preclude confident concluslonB 
regarding the presence or absence of trends.   There Is another large pool of 
aerometrlc data, going back about ten years, from the State of California air 
sampling program which we expect to utilize In our further work. 

Our experience with the modified rollback model has underscored 
the vital necessity for verification of air quality projection techniques.   Such 
verification tests not only provide the basis for objective statements of the 
range of applicability of projections, but may also help point directions for 
improvements.   Accordingly, we plan to conduct further verification tests of 
the presently constituted modified rollback projection model as additional 
emissions inventory data become available to merge with historical air quality 
data. 

We further plan to test the projection capabilities of an "adjusted" version 
of the modified rollback.   The adjustment will be in the input data, rather than 
in the algorithm used for the computations.   As was pointed out earlier, part - 
perhaps most - of the reason for the poor performance of modified rollbadc In 
forecasting CO air quality may be associated with the use of emission inventories 
summed over unrealistlcally large areas surrounding the receptor points where 
aerometrlc data are collected.   A possible practicable solution to this difficulty 
may lie In restricting the assumed areal range of applicability of the modified 
rollback relation, by simply relating the air quality measurements to emissions 
inventories over smaller regions around the sampling point.   It should be 
emphasized that we are not aiming at near-perfect predictive capabilities, but 
rather are seeking to identify a procedure which could utilize already available 
emissions data to upgrade the performance of modified rollbadc, and provide a 
rational basis for setting emission standards. 

The other major area of our interest is an extension of the trend analysis 
methodology to the derivation of allowable NO   emission rates, for achievement 
of the NO   air quality standard, and to the derivation of concurrently allowable 
hydrocaroon emissions, for achievement of the photochemical oxidant air 
quality standard.   The significant contributions of non-vehicular sources to the 
atmospheric burdens of these pollutants complicates the picture, but as 
adequate emissions data become available, we will utilize them in this effort. 

CONCLUSIONS 

The measurements collected under the CAMP program are an important 
long term record of the response of air quality In selected U.S. cities to changes 
in emissions.   Also, they provide a basis for validation of candidate models for 
air quality projections. 
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Verification tests of the simple rollbadc and the modified rollback models 
showed that, even for the simplest case of carbon monoxide, little confidence 
can be attached to the resultant air quality projections. 

An alternative route to estimate emission standards needed to meet air 
quality standards, was developed based on analysis of air quality trends.   It 
was determined that annual mean ambient CO Is a usable index of achievement 
of the CO air quality standard.   A significant practical advantage to the use of 
the annual mean is that it Is less sensitive to error than Is estimation of the 
second highest 8-hour average CO In a given year.  It was further determined 
that an annual average CO concentration of 2.3 ppm Is consistent with achieve- 
ment cf the CO air quality standard. 

On the basis of the requirement for 2.3 ppm CO as an annual average, 
the best current estimate of the required vehicle carbon monoxide emission 
rate for the worst urban area is approximately 29 g/mile. 
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E. I. Du Pont De Nemours & Company, Inc. 
Petroleum Laboratory 

Wilmington, Delaware   198L8 

August 30, 1973 



127 

PERFORMANCE OF DU PONT MUFFLER LEAD TRAPS 

Summary 

The Du Pont muffler lead traps have been developed to remove the major portion 
of the particulate lead material from the exhaust of vehicles operated on conventional 
leaded gasoline.   Tiiese units are essentially the size and shape of a conventional muffler 
and are located in the same position under the car.   The trap contains a bed of alumina 
pellets to agglomerate the fine lead particles in the exhaust into larger particles.   The 
lead particles are separated from the exhaust gas stream by an inertlal cyclone separator 
and stored in an appropriately sized collection chamber.   The choice of materials of 
construction and the size of the collection chamber can be varied to give a useful life 
of the trap of from 40,000 to 100,000 miles. 

Muffler lead traps have been operated on a wide variety of cars - both production 
vehicles as well as those equipped with advanced gaseous emission control systems. 
Total lead emissions were reduced by 80 to 90 percent during long-term tests of up to 
100,000 miles and the fine lead particles which could be airborne were reduced by 70 to 
80 percent compared with cars equipped with conventional mufflers.   The effectiveness 
of the traps did not change with mileage accumulation and no maintenance was performed 
CO the traps.   The effectiveness of these traps has been confirmed by tests run by three 
Independent laboratories other than Du Pont including tests by the Dow Chemical Company 
run under contract to the EPA.   A field test of the muffler lead traps is being run in 
conjunction with the San Francisco Bay Area Air Pollution Control District.   Results for 
the first year show that the traps reduced lead emissions from these cars by approxi- 
mately 90 percent. 

Estimates of the cost of "retrofit-type" muffler lead traps which were built by 
Arvln Industries to the exact dimensions of a conventional muffler show the incremental 
manufacturing cost to be approximately $5 more than the conventional muffler.   These 
"retrofit-type" traps reduced lead emissions by approximately 70 percent compared 
with cars equipped with conventional mufflers. 

Recent results covering the performance of these muffler lead traps are given 
In the following five sections which cover: (1) lead emission measurements, (2) Du Pont 
lead trap, (3) Pinto trap, (4) the field test in San Francisco, and (5) cost estimates. 
Additional tests, design details, and a description of test procedures are given in the 
appended references. 
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I,   MEASUREMENT OF LEAD EMISSIONS 

One of many problems related to lead trap development Is actual measure- 
ment of lead emissions from cars.   EPA has stated that emission rates as measured 
by different investigators vary widely (Ref. 1).   We have pointed out to the EPA 
the inconsistences in their evaluation of vehicle particulate emission data and have 
described the reasons for variability of lead emission rates from standard production 
vehicles (Ref. 2).   In order to obtain an average baseline value for lead emissions 
from uncontrolled vehicles It is necessary to make measurements over the entire 
life of several cars using a representative driving cycle.   A second approach is to 
measure the lead emission rate from a large number of similar size cars using the 
same fuel lead content and driving cycle.   A large number of vehicles are required 
to obtain a good average since cars will have very erratic total lead emissions even 
with identical test cycle and similar driving history. 

In contrast to standard vehicles the trap-equipped cars show a constant lead 
emission rate which should enable more accurate measurement of lead emissions. 
To prove the performance and substantiate our claims of lead reduction by lead 
traps we have obtained measurements of lead emission rates of several trap- 
equipped cars by three other investigators.    As shown by the data in Table 1, Esso 
and Du Pont obtained almost the same lead emission rate value from a car equipped 
with a Type HI muffler lead trap.   For each test value reported by Du Pont and 
Esso, the car was driven on a dynamometer for one 1972 Federal Test Procedure 
cycle (7-1/2 miles) from an initial cold start after an overnight soak.   Esso 
measured lead emission rate with their sampling system (Ref. 3) while Du Pont 
employed the total exhaust filter procedure (Ref. 4). 

A second car, equipped with an advanced gaseous emission control system 
plus muffler lead traps, was driven to Ethyl Corporation, Detroit and Dow Chemical 
Company, Midland, Michigan for particulate emission measurements.   The lead 
emission rate as measured by these two laboratories using slightly different driving 
conditions show excellent agreement.   The same car was retested at the Petroleum 
Laboratory after returning from the Michigan trip. 

The agreement between various investigators for particulate lead emlsslOD 
measurement on trap-equipped cars is excellent. 
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TABLE 1 

LEAD EMISSIONS MEASURED BY DIFFERENT tABORATORIES 

Laad Emissions. g/Mlle 
Test Mode Pu Pont       Esao 

1970, 350 CID Chevrolet 
With Type ni Lead Trap FTP  1972 0.018        0.019 

Dow      Du Pont    Ethyl 

1970, 350 CID Chevrolet 
With Thermal Reactor, FTP 1975 0.019*      0.017 
EGR 0.023 

Dual Type ni Lead Traps       FTP 7-Mode        - 0.018     0.021 

*  Corrected for filter lead blank 
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n. MUFFLER LEAD TRAP - TYPE IH 

The Du Pont muffler lead trap, designated Type III, is shown In Figure 1. 
The internal components have been arranged to provide a volume of the cyclone 
collection chamber designed to hold all the lead salts burned during 50,000 
miles of operation.   The trap is made of 304 stainless steel and weighs 17 pounds 
without pellets, about the same as a standard muffler.   It is filled with 10 pounds 
of one-quarter inch alumina pellets. 

Identical Type HI muffler lead traps were installed on each of four 1970, 
350 CID Chevrolets as shown in Figure 1.   Each unit was installed in place of the 
exhaust mu&ler.   These cars were operated on programmed chassis dynamometers 
according to the Federal mileage accumulation schedule.   During this mileage 
accumulation test, the lead emissions were measured with total exhaust filters 
throughout the test.   The average total lead emission rate for these four cars 
and the average percent lead burned emitted for each car during the life of the 
test are summarized in Table 2. 

TABLE 2 

DU PONT MUFFLER LEAD TRAPS 
TYPE m ON 1970 CHEVROLETS 

• 
% Reduction of Lead Emitted 

Vehicle Miles on Trap Total Airborne 

C-82 52, 669 88 «8 
C-83 21, 790 86 n 
C-85 SO, 102 89 84 
C-130 12, 440 M - 

Average 88 68 

The weighted average total lead emission rate from these fotir Chevrolets 
equipped with the Type III muffler lead trap was 0.015 gram per mile for over 
50,000 miles.   This is equivalent to an 88 percent reduction in total lead emissions 
when compared with a standard car operated under the same conditions and same 
fuel.   The average percent lead burned emitted was slightly less than 12 percent. 

I«ad partlculate emissions from cars with standard exhausts vary much 
more erratically than cars equipped with lead traps as shown in Figure 2.   This 
also shows that the average lead emission rate from a car equipped with a con- 
ventional exhaust system was still increasing after 30,000 miles. The lead emission 
rate from a car equipped with a muffler lead trap showed very little variation and 
even after 40,000 miles was constant and essentially the same as the rate at very 
low mileage.   The increase in lead emissions with mileage and erratic lead emission 
behavior of cars with standard exhaust systems is due to the continuous build-up 
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Figure 1 

Du Pont Muffler Lead Trap - Type HI 

ALUMINA PELLHS 

COLIEGION CHAMBER aaoNE 
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and reentrainment of lead deposits from the Inside surfaces of the exhaust pipe 
as well as the muffler.   This variability of lead emissions does not occur with 
trap-equipped cars because the cyclones at the end of the trap retain these 
particles.   This would indicate tliat lead emissions from such trap-equipped 
cars can be more accurately measured than total lead emissions from imcon- 
trolled cars.   Thus, it is much more difficult to establish a baseline particulate 
lead emission rate of standard production cars than it is to measure the per- 
formance of lead traps. 

In addition to reducing the total lead emissions, the muffler lead traps also 
significantly reduce the amount of tlie small, air-suspendible lead particles 
emitted to the atmosphere.   The results of particle size and size distribution of 
lead particles emitted from the trap-equipped vehicles measured after 15,000 
and 50,000 miles are given in Table 3.   As expected, the lead traps with their 
Inertial separators were effective in removing almost all of the large particles 
which come from material that flakes off the walls of the exhaust system.   This 
Is the material which if emitted settles to the ground rapidly and is probably the 
major source of dustfall lead, particularly near heavily travelled roads and 
highways.   Of special interest is the 68 percent reduction in the submicron size 
lead particles.   The reduction in emission in these small particles is most 
Important since these are the lead particles which tend to remain airborne and 
which correspond to the size of lead particles found in the atmosphere of urban 
areas.   It is also important to note that the efficiency of the traps for removal 
of these small particles did not deteriorate with mileage, but remained essentially 
the same at 50,000 miles as at 15, 000 miles.   This is further proof that pellets 
did not deteriorate with mileage.   It also Indicates the activity of the fresh 
alimilna surface is not the most important property of the pellets, since the 
pellets tend to become coated with lead salts with extended mileage.   The high 
surface area and temperature appear to be much more important factors in 
trapping the lead. 

The durability of the muffler lead traps is excellent. Several of the traps 
were removed from the cars, opened, and examined after 50,000 miles of opera- 
tion. The alumina pellets were undamaged and showed only slight attrition. The 
pellet bed was not plugged and the bed back pressure did not Increase over the 
original value during 50,000 miles of operation. The fuel economy and accelera- 
tion of the trap-equipped cars was the same as that of cars with conventional 
exhaust systems. 

A lead material balance on C-82 showed the trap collected 61 percent of the 
lead burned.   Lead analysis showed the trap gained IS pounds weight during 50,000 
miles of which nine pounds was lead.   Approximately 28 percent of the lead was 
retained on the pellets.   A complete siunmary of the lead distribution is given 
In Tables4 and 5. 
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TABLE 3 

TYPE m MUFFLER LEAD TRAP PERFORMANCE 
 ON 1970 CHEVROLETS  

Lead Emission Rate, Grams/Mile 
As Function of Equivalent Particle Diameter 

Vehicle Mlleaee >9 fim 1 to 9 um 0.3 to 1.0 um <0.3 um Total 

Standard 
Car* Mean 0.038 0.023 0.019 0.028 0.108 

C-82 14. 500 0.00076 0.0024 0.0022 0.015 0.020 
0-83 3. 300 0.00056 0.0031 0.0040 0.011 0.019 
C-8S 9. 000 0.00074 0.0021 0.0020 0.011 0.016 

Average 0.00069 0.0025 0.0027 0.012 0.018 

% In Each 
Fraction 4 14 16 67 100 

% Reduction 
IXie to Trap 98 89 84 59 84 

082 S3, 600 0.0007 0.0053 O.OOSS 0.011 0.023 
C-85 51, 200 0.00051 0.0029 0.0041 0.095 0.017 

Average 0.0006 0.0041 0.0048 0.0103 0.020 

% In Each 
Fraction z 20 24 69 100 

% Reduction 
Due to Trap M 82 76 68 81 
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TABLE 4 

LEAD BALANCE OF MUFFLER LEAD TRAP 
 TYPE III FROM C-82  

Vehicle:    1970,   350 CID Chevrolet 
Fuel: Sun 240,   2.2 g Lead Per Gallon 
MUes:       52, 669 Miles on AMA Cycle 

Lead Trap 

Cyclones 
Pellets 
Scrapings 

Total Filter 

Estimated 

Oil & Oil Filter 
Engine 
Manifold & Exhaust Pipes 

Total Accounted For 94.9 

Total Pb Burned 

52,669 Miles X 2.2 R Pb/Gallon  = gggo g^ams 
17.4 mpg 

Lead,  Grams % Lead Burned 

2,600 37.8 
1.240 18.7 

300 4.5 
4,040 61.0 

794 11.9 

11 
3 
8 
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TABLE 5 

COMPOSITION OF LEAD DEPOSITS IN MUFFLER 
 LEAD TRAP TYPE lU FROM C-82  

Vehicle:    1970,   350 CID Chevrolet 
Fuel: Sun 240,   2.2 g Lead Per Gallon 
Miles:       52, 669 Miles on AMA Cycle 

Compound Weleht % 

PbBrCl 54 

PbSO 1> 

PbBrjj U 

PbgCPO^)^ 3 

PbO U 



in.   100,000-MILE TEST OF LEAD TRAPS 
ON TECS VEHICLE   

The Du Pont muffler lead trap has also been Installed on vehicles equipped 
with lead tolerant advanced emission control systems to produce a 7]otal &nission 
jControl System or TECS vehicle (Ref. 5, 6).   The components of the TECS installed 
cm a 1.6 liter 1971 Pinto are shown schematically in Figure 3.   The trap is 
installed on the Pinto in the same location as the conventional muffler on a current 
production vehicle.   The muffler lead trap unit is the same design as that shown in 
Figure 1.   The exhaust manifold thermal reactor is used in conjunction with an air 
pump to provide a high temperature zone where the hydrocarbons and carbon 
monoxide in the exhaust are oxidized.   An exhaust gas recirculation system is 
combined with various carburetor modifications to control the emissions of oxides 
of nitrogen.   A more complete description of the vehicle and its performance in 
controlling gaseous emissions can be found in References 5 and 6. 

The lead emission rate from this TECS vehicle has been measured and the 
data are summarized in Table 6.   The PIntos were operated under a mixed duty 
cycle consisting of city-suburban road driving on the highway and turnpilce opera- 
tion on the programmed chassis dynamometer.   Total lead emissions from the 
Pinto were measured during both road and PCD operation.   The average total lead 
emissions from the TECS Pinto were reduced by 81 percent by use of a muffler 
lead trap after operating for 101,000 miles on the road and the PCD.   There was 
no deterioration In the Pinto lead trap performance with mileage.   The actual 
lead emissions from the TECS Pinto were equivalent to only 8 percent of the 
total lead burned.   Thus 92 percent of the lead burned was retained in the vehicle. 

In addition to measuring the total lead emission rates, the particle size 
distribution of the emitted lead from the Pinto was determined. The values for 
the standard and trap-equipped Pintos are shown in Table 6. Each datum is the 
mean of three replicate runs. Tlie cars were driven on a Clayton dynamometer 
for three AMA cycles (120 miles) per run from an initial cold start after an over- 
night soak.   The gasoline contained 2.2 grams lead per gallon as Motor Mix. 

Under the AMA cycle the trap reduced total lead emissions by some 84 
percent.   Examination of the size distribution of the emitted lead reveals that, as 
expected, the trap was effective in reducing particles of all sizes.   The lead 
particles with size greater than nine microns which would fall to the ground 
rapidly were reduced by 98 percent.   There was an 87 percent reduction of the 
one to nine micron fraction, an 88 percent reduction of the 0.3 to 1 micron, and 
a 77 percent reduction In the mass of particles less than 0.3 micron diameter. 
These results further establish the effectiveness of the muffler lead traps to 
reduce small and large particles over extended mileage. 
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ALUMINA PELLET 
+ 

DUAL  CYCLONE TRAP 

In 

Fig. 3  - Oia^wn of Mufflar Lead Trap on 1971 Pinto. 
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TABLE 6 

DU PONT TOTAL EMISSION CONTROL SYgTEM (TECS) 

(Thermal Reactor, Exhaust Gas Reclrculation, Lead Trap) 

Total Lead Emissions 
Vehicle Svstem Miles e/Mile 2L Reduction 

1.6 Liter 1971 25,000 0.033 m 

Production Pinto 50,000 0.035 m 

76,000 0.032 " 
101,000 0.033 m 

1.6 Liter 1971 25,000 0.0070 80 
Pinto With TECS 50,000 0.0063 82 

75, 000 0.0056 83 
101,000 0.0063 81 

TABLE 7 

SIZE DISTRIBUTION OF LEAD EMISSIONS FROM TECS PINTO 

Lead Emission Rates, Grams Per Mile, as Function 
of Particle Equivalent Diameter in Micrometers 

Unmodified 1971 Production 

20.000 MUes 
51,000 Miles 

Average 

TECS With Trap 

26,000 Miles 
51,000 Miles 

Average 

Reduction,  Percent 

> 9.0 1.0 to 9.0 0.3 to 1.0 < 0.3 Total 

0.019 0.018 0.024 0.036 0.097 
0.013 0.016 0.037 0.051 0.117 
0.016 0.017 0.030 0.044 0.107 

0.0005 0.0016 0.0024 0,0075 0.0120 
0.0003 0.0029 0.0049 0.0129 0.0210 
0.0004 0.0022 0.0036 0.0102 0.0165 

97.5 87 88 77 84 

29-272  O - 74 -  10 
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IV.   SAN FRANCISCO FIELD TEST 

As a further demonstration of the feasibility of lead traps, a field test is 
under way of Du Pont muffler lead traps installed on four cars in San Francisco, 
California.   The test is being conducted in cooperation with the Bay Area Air 
Pollution Control District, who own and operate the four cars.   The exhaust 
muffler on each of two 1971 and 1972, 6-cylinder, 258 CID Hornets was removed 
and replaced with a retrofit muffler lead trap.   The trap design is similar to the 
Type in described in Reference 6.   The traps, designed to last 50, 000 miles are 
sized and shaped like and installed in the same position as the conventional Hornet 
muffler which it replaced. 

After each three months of road service, the total lead emissions are 
measured with a total filter (Ref. 4) with the vehicle operated according to the 
1968 Federal Test P>rocedure on a chassis dynamometer.   Each car is driven on 
the dynamometer for a distance of 22.5 miles (25, 137 second, 7-mode cycles) 
using the vehicle's tank fuel which usually contains about 3.0 grams of lead per 
gallon. 

After one year of service during which the cars have accumulated from 
11,000 to 28,000 road miles, as shown in Table 8, the traps reduced the average 
lead emissions from these cars to 0.0072 gram per mile, equivalent to 4.3 per- 
cent of the fuel lead burned. 

Du Pont has been operating three similar vehicles on a programmed chassis 
dynamometer to serve as controls for the San Francisco field tests.   Two of the 
cars are equipped with standard exhaust systems while the third has a trap which is 
identical to the ones in San Francisco.   The results of the tests of these cars 
operated imder the same driving schedule as the field test cars is shown in Table 9. 
The two production cars emitted 0.086 g Pb per mile or 45. 7 percent of the lead 
burned.   The trap-equipped car emitted 0.019 g Pb per mile or 9.7 percent of the 
lead burned. 

When the cars in the field in San Francisco are compared with the standard 
cars it is clear that the traps reduced the lead emitted by 88 to 92 percent. 
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TABLE 8 

SAN FRANCISCO FIELD TEST OF DU PONT MUFFLER 
LEAD TRAPS ON 258 CID.  1971-72 HORNETS 

Trap Mlleajte 
Total Lead Emissions 

Vehicle K Pb/Mile JL Pb Burned 

53 3,224 0.0024 1.7 
7,221 0.0081 5.8 

14,077 0.0057 3.7 
19. 519 0.0064 4.1 

Average 0.0057 3.8 

33 1,656 0.0013 0.7 
6,781 0.0091 5.2 

10,684 0.0044 2.3 
16, 964 0.0023 1.3 

Average 0.0043 2.4 

22 4,179 0.0042 2.6 
14.353 0.0055 3.2 
22.596 0.0064 3.7 
28, 203 0.0091 6.4 

Average 0.0063 3.7 

64 1.566 0.0067 3.6 
4,960 0.0075 4.4 
8.131 0.0228 13.7 

11.414 0.0128 8.2 

Average      0.0124 7.3 

l-Year 
4-Car Average 19,025 0.0072 4.3 
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TABLE 9 

DU PONT LEAD TRAP ON 258 CID. 1971 HORNET 

Average Total Lead Emitted 
VeUcIe Test Miles* e/Mlle % Lead Burned 

HO-2 Standard Exhaust 12,977 0.094 47.4 

HO-3 Standard Exhaust 6,480 0.079 44.3 

HO-4 Mufner Lead Trap 6,461 0.019 9.7 

•  PCD operation under continuous 1968 FTP (7-mode cycle) 
Conditions on fuel containing 3.0 g Pb/gallon 
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V.   COST ESTIMATE OF DU PONT MUFFLER LEAD TRAPS 

Du Pont estimated the price of a muffler lead trap which was made to the 
exact outer dimensions of a conventional muffler for a 1970 Chevrolet in late 1972. 
As detailed In Reference 2, the manufacturing cost of such a retrofit muffler lead 
trap was estimated to be $9.38 compared with $4.50 for a conventional muffler and 
the maximum consumer cost was estimated to be $36.00 compared with $17.30 for 
a conventional muffler.   Since this estimate was made, cost estimates have been 
received from Arvin Industries and Questor Automotive Products Company.   Their 
estimates are compared with the Du Pont estimate In Table 10. 

The cost estimates by the two muffler manufacturers are in good agreement 
and agree very well with the estimate by Du Pont.   We have extrapolated the cost 
estimates by Arvln back to a manufacturing cost of $4.50 for the muffler.   With the 
same ratio of trap to muffler cost of 2.03 at the manufacttiring level as at the various 
wholesale and retail levels the extrapolated manufacturing cost of the trap would be 
$9.15 or quite close to the Du Pont estimate of $9.38. 

As discussed in detail in Reference 2 the proper markup to be applied to the 
manufacturing cost of a trap to determine consumer cost is open to question. 
Apparentiy, Arvin and Questor applied the same percent markup as with a con- 
ventional muffler.   This method would mean much greater profits for everyone in 
the distribution chain and whether this would actually happen in the market place 
cannot be predicted.   The minimum increase in cost at the motorist level would be 
the incremental manufacturing cost of $4.65 and the maximum would be $21.03 which 
would occur If the same percent markup were applied.   The truth probably lies 
somewhere between these two extremes. 
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TABLE 10 

COST ESTIMATES FOR DU PONT MUFFLER LEAD TRAP 
OF EXACT SIZE AND SHAPE AS CONVENTIONAL MUFFLER 

Manufacturing Cost 

Warehouse Selling 
Price 

Jobber Selling P>rlce 
To Motorist 

Garage Selling Price 
To Motorist 

Du Pont 
Muffler 

17.30 

Trap 

$ 4.50 $9.38 

36.00 

Arvin 

9.26 

17.30 

20.37 

Questor 
Muffler Trap Trap 

($4.50)*        ($9.15)* 

18.79 $18.00 

35.16 

41.40 43 to 44 

*  Extrapolation by Du Pont 
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FUEL CONSUMPTION AND PERFORMANCE 
OF 1973 VERSUS 1967 STANDARD SIZE AUTOMOBILES 

Trends in fuel economy/consumption and performance of car models 
produced since the incorporation of emission control devices beginning with 1968 
model cars have been the subject of a number of recent publications.   The results 
reported by Du Pont in a recent paper (Reference 1) presented before the American 
Petroleum Institute Division of Refining Meeting are updated in this memorandum 
and compared with results reported In an EPA publication (Reference 2) and two 
Society of Automotive Engineers  papers (References 3 and 4) presented by repre- 
sentatives of Ford and Chrysler at the 1973 SAE National Automobile Engineering 
Meeting.   From a comparison of the results reported in these papers, it is esti- 
mated that for representative full size cars produced from 1968 to 1973 there has 
been: 

(1)    A net deterioration In performance (increased time to 
accelerate from 0 to 60 miles per hour) of about 12 percent 
because of: 

(2) 

increased car weight 12% 
reduced compression ratio 7 
emission control measures 3 

offset by: 
increased engine size (10) 

net 12 

An increase in fuel consumption of about 25 percent 
because of: 

Increased car weight 1% 
increased engine size 3 
reduced compression ratio 8 
emission control measures 9 

offset by: 
Improved tires and suspension m 

net 25 

Cars of the size discussed in this memorandum represent approximately 
half of U.S. domestic sales, having declined from about 54 percent of the 
market in 1967 to 48 percent at present.   Concurrently, there has been a marked 
increase in the proportion of economy cars sold and an accompanying decrease in 
purchases of high-performance automobiles.   As a result, the difference In fuel 
consumption per mile between the average 1973 car and the average 1967 car may 
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not be as great as would be Indicated by the figures summarized above.   It Is 
apparent, however, that the factors operating to affect the fuel consumption of 
larger cars will also affect fuel usage of smaller cars in a similar manner. 
Consequently, decreasing car weight and increasing compression ratio represent 
effective and promising routes for decreasing fuel consumption. 

PETROLEUM LABORATORY STUDIES 

Description of Cars Used in Program 

Trends in fuel consumption and performance of car models produced 
beginning with the 1970 model year have been studied at the Petroleum Laboratory 
using in each successive year current model vehicles duplicating as closely as 
possible the original 1970 cars.   The cars selected in 1970 were all equipped with 
V-8 engines and automatic transmissions.   Over the years all cars have been 
matched as to air conditioning, number of carburetor barrels and accessories 
such as power brakes and power steering.   All cars were operated at least 5000 
miles before consumption and performance testing.   Information on the individual 
cars is summarized in Table I. 

Table I 

Cars Used In Fuel Consumption Program 

V-8 Engines 
Automatic Transmissions 

1970 to 1973 Models 

Air Displacement Carburetor 
Car Make Conditioning 

Yes 

ac Barrels 

A 3S0 a 
C Tin 4W 4 
D YM 400 2 
E Yea sn 2 
F Ke 302 2 
0 Mo 318 t 

From 1970 to 1971 the compression ratio of most engines was decreased 
significantly with some additional reduction in the average for all cars for 1972 
and 1973 models.   As shown in Table II on the following page, and In more detail 
in Table I of the Appendix, the average compression ratio declined 0. 9 unit from 
1970 to 1971 and 0.1 additional unit in both 1972 and 1973.    Averages for the six 
cars were within 0.1 ratio of weighted U. S. car averages based on studies of 
Coordinating Research Council Octane Number Requirement Surveys for 1970, 
1971, and 1972 (References 5, 6 and 7). 



148 

The weight of the cars was determined using calibrated scales and Is 
shown in Table II of the Appendix.   As shown In Table II below, the weight of the 
vehicles increased each model year with the average increasing 291 pounds from 
1970 to 1973.   About half of this increase (147 pounds) occurred between 1972 
and 1973 models and is associated primarily with safety standards involving 
bumpers.   A change in construction of Model F from unit body to frame and body 
coincided with an increase of 510 pounds for that car from 1971 to 1972. 

Table 11 

Changes in Compression Ratio and Weight 
of Vehicles Used in Du Pont Program 

1970   1971   1972   1973 

Average Compression Ratio* 9.5 8.6 8.5 8.4 

Average Weight 4362        4403        4505        4653 

* Manufacturers' published number. 

Changes, too many to enumerate, were made to the vehicles by their manu- 
facturers throughout the period to meet the successively more stringent U. S. Vehicle 
Emission   Standards as given in Table III.   The engine changes affected principally 
carburetion, ignition timing, valve timing, and exhaust gas recirculatlon.   Trans- 
mission characteristics also were altered to some extent. 

Table III 

U.S. Vehicle Emission Standards - 1968 to 1974 

Year 
Exhaust Emissions, Grams/Mile       Evaporative Emissions. 

HC             CO           NOx                       Grams/Test 

1968 Federal Test Procedure (7-Mode) 

Pre-1968 
1968-1969 
1970 
1971 

(11)              (80)          (4)                                  (60) 
3.2             33.0        - 
2.2           23.0       - 
2.2            23.0       -                                    6.0 

1972 Mass Emission Test Procedure (CVS-72) 

Pre-1968 
1972 
1973-74 

(16.8)         (125)           (4.5)                                (60) 
3.4             39               -                                    2.0 
3.4            39            3.0                                2.0 

(  )   Numbers in parentheses are estimates. 
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Performance (Time to Accelerate) 

Performance was measured by determining the time to accelerate 
from 0 to 60 miles per hour and 25 to 60 miles per hour.   Speed and time were 
plotted automatically with signals from a speed sensor on a fifth wheel.   Accel- 
eration times were determined by examination of the plotted data.   Six repeat 
accelerations were run, three in each direction, on a straight and level section 
of a public highway.   liesults are expressed on the basis of the average of the 
times in seconds for the six accelerations. 

As shown in Table IV, an increase of 13 percent in acceleration time 
occurred between the 1970 and 1971 models.   This increase probably is associated 
with the reductions in compression ratio and changes made to meet the emission 
standards.   Additional increases were seen also between 1971 and 1972 models and 
1972 and 1973 models.   When the cumulative increase from 1970 to 1973 was cal- 
culated based on the individual changes in each year, the acceleration times 
apparently increased about 22 percent.   In view of this rather large change in 
vehicle performance, the 1970 vehicles which had been retained at Du Pont were 
run in direct match against the 1973 vehicles in early 1973.   These evaluations 
showed that the differences between the 1970 and 1973 fleets were only 14 and 10 
percent rather than 21 and 22 percent.   Although the vehicles were checked thor- 
oughly and adjusted to meet manufacturer's specifications, no explanation was 
found for the fact that the 1970 vehicles were not capable of repeating the acceleration 
times that they had displayed when they were new.   Perhaps the accumulation of 
approximately 30,000 miles had caused some deterioration in engine performance 
which was not detectable by conventional diagnostic techniques.   However, it is clear 
that there has been a significant decrease in vehicle performance between the years 
1970 and 1973 and the acceleration times of passenger cars have increased by at 
least 10 percent. 

Table IV 

Acceleration Time Changes 
1970 to 1973 

cent Incn Acceleration Time, Seconds     Per ease Over 1970 
Model Tested 0-60           25-60 0-60 25-60 

1970 10.7              7.8 - - 
1971 12.0             8.5 tt • 
1972 12.2              8.8 14 t» 
1973 13.0              9.5 21 23 

Direct Comparison Made in 1973 Test - 1970 vs 1973 

1970 11.4 8.6 - « 
1973 13.0 9.5 14 !• 
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Fuel Economy (Miles Per Gallon) and Fuel Consumption (Grams Per Mile) 

Fuel consumption was measured by driving over a 26-mlle urban-suburban 
course Illustrated in Figure 1 of the Appendix which included approximately nine 
miles of city traffic and 17 miles of suburban and interstate highways.   A summary 
of the test course is outlined In Table V.    More time was spent in city traffic than 
on the highway.   The test vehicles were fueled from auxiliary tanks located in the 
trunk and the fuel consumed was determined by weight difference. 

Table V 

Urban-Suburban Fuel Consumption Road Course 

aty Suburbs Overall 

Miles 9 17 2« 

Time, Minutes 44 20 64 

Speed, mph 12.3 51.0 24.4 

The vehicles were tested in matched pairs so that they travelled the course 
In almost identical time to insure that variations in traffic and thus variations in 
average speed on the course did not unduly influence the results.   The drivers and 
the position of the cars were rotated and replicate tests of at least four determina- 
tions on each matched pair were made.   Because of changes In traffic lights In the city 
portion of the test course the average speed decreased from a value of 28.6 mph in 
1970 to an average value of 24.4 mph In 1973.   Thus, it was not correct to compare 
data obtained several years ago with current data because the fuel consumption was 
affected by speed.   A minor change has been made recently in the city portion of the 
driving to avoid some of the more congested streets and the average speed over the 
course Is now about 30 mph or much closer to the value obtained when the course 
was originally set up in 1970. 

To compensate for the variations in speed in recent tests, the relationship 
between speed and fuel usage was determined by linear regression analysis and all 
fuel consumption data were normalized to an average course speed of 24.4 mph. 
The time required to complete the test is a reflection of the amount of time spent 
In traffic (since the suburban part of the test could be driven consistently at posted 
speed limits).   The relationship between speed and fuel economy for one of the 
cars in the test is shown in Figure 1, while the equations for all cars are given 
in Table VI.   The relationship of fuel economy and average speed shown in Table VI 
is, of course, only appropriate to the particular course; more conventional relation- 
ships are shown in Table VII for fuel economy measured on the road at various 
constant speeds. 
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22 24 26 26 
MILES PER HOUR 

30 

Fig. 1 - Fuel Economy Vartut Spesd; Urban-Suburban 
Court*; Car Make C. 
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Table VI 

Miles Per Gallon Versus Miles Per Hour 

Urban-Suburban Test Course - 24.4 mph Average 

Car Ma ke-Year 

1970 

Slope X 24. 4 mph +     Intercept 

6.46 

MPG 

A- 0.239X 24.4 12.3 
1973 0.375x24.4 1.78 10.9 

C- 1970 0.342 X 24.4 S.S4 U.7 
1973 0.208x24.4 6.78 10.8 

D- • 1970 0.308x24.4 4.88 12.0 
1973 0.372x24.4 i.se 10.6 

E- • 1970 O.lSOx 24.4 10.01 13.7 
1973 0.144x24.4 7.86 11.4 

F- - 1970 0.342 X 24.4 8.78 14.2 
1973 0. 406 X 24. 4 1.80 11.6 

G- • 1970 0.163x24.4 11.28 15.2 
1973 0.202x24.4 8.94 13.9 

Average - • 1970 
1973 

13.2 
11.5 

Table VII 

Fuel Economy Versus Level Road Speed 
1970 Versus 1973 Cars 

Level Road Speed 
40 50 60 70 

20.8 19.1 17.4 14.9 

18.1 16.4 IS. 6 13. S 

1970 Cars* 

1973 Cars* 

Average Decrease % 12.8 13.9 10.3 9.1 

* Cars listed in Table I less Make F. 
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Fuel consumption of the 1973 cars Is greater than for the corresponding 
1970 cars as shown in Table vm.   Fuel consumption increased each year, the 
Increases ranging from 6 to more than 9 percent.   The cumulative fuel consumption 
increase between 1970 and 1973 calculated based on the individual changes for each 
year was 24 percent.   Because of the implications of changes of this magnitude it 
was decided to make a direct check between the 1970 and 1973 model cars. 

Table Vin 

Fuel Consumption by Model Year 

Speed Models 
Fuel Usage 

Year Of Economy Percent Consumption Percent 
Test mph Tested Miles/Gal Loss Grams/Mile Increase 

1970 28.6 1970 14.1 199 
1971 13.1 7 214 6 

1971 24.9 1971 13.1 214 
1972 12.4 5 226 6 

1972 24.4 1972 12.7 221 
1973 11.6 9 242 9.5 

Cumulative 1970 to 1973 19 24 

1973 24.4 1970 13.2 213 
1973 11.5 13 244 16 

1973* 1970 13.3 211 
1873 11.7 12 239 13 

• Calculated from exhaust analysis during 1975 Mass Emission 
Test Procedure (CVS-75). 
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When the 1970 cars were directly matched against the 1973 model cars 
the fuel consumption of the 1973 cars was found to be 16 percent greater than for 
the 1970 cars.   All of the fuel consumptions were regressed against average test 
speed and all data normalized to an average vehicle speed of 24.4 mph, as given 
in the lower part of Table VIII.   To further check these measurements, triplicate 
emission tests were made on each of the vehicles and the fuel consumption cal- 
culated based on exhaust emission analysis while conducting the 1975 CVS Federal 
emission test procedure.   These are also shown in Table Vin.   The fuel consump- 
tion increase was 13 percent for the 1973 models when compared with the 1970 
model vehicles. 

The discrepancy between the direct determinations of the fuel consumption 
of the 1970 and 1973 vehicles and the calculated cumulative effect based on individual 
model year results has not been explained at this time.   However, it is believed 
that the most recent comparisons, because of the greater number of tests and the 
fact that direct match tests were made, are more accurate. 

About one-third of the increase in fuel consumption of the six cars between 
1970 and 1973 was determined to be due to increased weight.   The other two-thirds 
of the increase was due to reductions in compression ratio and changes made to 
control emissions.   The effect of increased weight on fuel consumption was deter- 
mined directly.   The weight of the 1970 vehicles was increased 500 pounds by placing 
weights, equally distributed, in the front and rear passenger compartments.   RepUcata, 
direct match fuel consumption measurements were made with the 1970 vehicles with 
and without the additional weights.   The average fuel consumption data for the indi- 
vidual 1970 and 1973 vehicles were normalized to an average speed of 24.4 mph and 
are shown in Table DC and Figure 2.   The fuel consumption for the 1970 vehicles plus 
a sufficient amount of weight so that they equalled the weight of the 1973 vehicles is 
given also.   The Increase in fuel consumption of the individual 1973 cars ranged from 
1 percent to 19 percent greater than for the 1970 cars at equal vehicle weights.   The 
six-car fleet average increase in fuel consumption at equal weight was 11.4 percent 
for the 1973 cars compared with the 1970 cars.   (The Information in Table IX and 
Figure 2 differ slightly from comparable data given in Reference 1 due to Incorporatioa 
<tf additional test results.) 

The 11 percent increase in fuel consumption and the 10 percent Increase In 
acceleration time can be attributed to the reduction in compression ratio and other 
engine changes to meet emission standards.   If vehicle performance as Judged by 
accelerating ability had been held constant, the increase in fuel consumption would 
have been even greater. 
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Table IX 

Effect of Emission Controls and Compression Ratio Reduction 
 on Fuel Consumption. 1970 to 1973  

Average Speed 24.4 mph 

1970 A 
1970 A * 260 Lbs 
1973 A 

1970 C 
1970 C + 440 Lbs 
1973 C 

1970 D 
1970 D + 180 Lbs 
1973 D 

1970 E 
1970 E + 320 Lbs 
1973 E 

1970 F 
1970 F + 470 Lbs 
1973 F 

1970 G 
1970 G + 80 Lbs 
1973 G 

Avg 1970 
Avg 1970 + 291 Lbs 
Avg 1973 

Economy 
Miles/Gal 

Percent 
Loss* 

Consumption 
Grams/Mile 

Percent 
Increase* 

12.3 
12.1 
10.9 9.9 

228 
232 
287 10.8 

11.7 
10.9 
10.8 0.9 

240 
258 
260 0.8 

12.0 
11.9 
10.6 10.9 

2S4 
238 
2«S 12.3 

13.7 
13.2 
11.4 13.6 

205 
213 
246 15.5 

14.2 
13.8 
11.6 16.0 

198 
203 
242 19.2 

15.2 
15.1 
13.9 8.0 

185 
186 
202 8.6 

13.2 
12.8 
11.S 10.2 

313 
219 
244 11.4 

* At equal vehicle weight 

19-271 O - 74 - II 
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COMPARISON OF DU PONT AND EPA DATA 

Another source of data showing the effect of emission control systems on 
fuel consumption is an EPA report (Reference 2).   These fuel economy data are 
believed to have been calculated from carbon monoxide and carbon dioxide measure- 
ments made during the 1972 CVS Federal emission test procedure.   More accurate 
results would have been obtained if allowance had been made for the hydroca]i>ons 
emitted — this is particularly true for the pre-emisslon control cars which emitted 
substantially higher hydrocarbon levels than the 1970 and 1973 cars.   The data from 
Table I of Reference 2 are illustrated graphically in the upper part of Figure 3 and 
the data corrected for hydrocarbon emissions are shown in the lower part of Figure 3. 
The fuel economies for the model years 1964 through 1967 were averaged to give 
representative fuel economies for the model years immediately prior to the institution 
of Federal exhaust emission controls in 1968.   Also shown are the fuel economy data 
for the years X970 and 1973.   In Reference 2 the EPA averaged the data for all vehicle 
weights and concluded there were no significant differences between 1970 and 1973 
vehicles other than a weight effect.   However, there are significant differences in the 
fuel economies of the 1970 and 1973 vehicles when compared with the pre-controUed 
vehicles at all vehicle weights above 3500 pounds.   In our opinion, the scatter in the 
data for vehicle weights below 3500 pounds precludes any conclusion as to the effect 
of model year on fuel economy for these lighter cars.   This scatter may be due to 
the lack of a sufficient number of data points for these lighter weight vehicles and the 
wide differences in the types of vehicles represented.   Above 3500 pounds, most of 
the vehicles are conventional U. S., standard size sedans equipped with relatively 
large displacement engines and automatic transmissions. 

Du Pont data showing a fuel consumption increase of 11.4 percent from 
1970 to 1973 for a nominal 4500 pound vehicle appear to be in reasonably good agree- 
ment with the EPA data.   Fuel consumption data from the EPA study obtained from 
the faired curves corrected for hydrocarbon emissions shown in Figure 3 are given 
in Table X.   Also shown are data from the Du Pont road test at a vehicle weight of 
4653 pounds which was the average weight of the 1973 test fleet.   The fuel consumption 
ot the EPA's 1973 vehicles compared with the 1970 vehicles increased from just under 
4 percent for the 3500 pound vehicles to more than 9 percent for the 5500 pound 
vehicles.   The somewhat lower fuel consumption for the vehicles tested by Du Pont 
versus those tested by the EPA may be due to differences in the test cycle.   As shown 
in Figure 4, the Du Pont Urban-Suburban test course includes substantially more 
steady speed operation than the 1972 CVS procedure used by the EPA. 

The EPA data corrected for hydrocarbon emissions comparing the 1973 
vehicles with the pre-emission control 1964 to 1967 vehicles are shown in Table XI. 
Fuel consumption increased from 7 to 20 percent dependent on vehicle weight.   These 
data illustrate the effect of reduced compression ratios and emission control systems 
on fuel consumption because the comparisons are made at equal weight. 
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Table X 

Effect of Emission Controls and Compression Ratio Reduction 
 on Fuel Conaumption. 1970 to 1973  

Analysis o( EPA Report 
Corrected for Unbumed Ifydrocarbons 

Fuel Usa^e 

Weieht, Lbs 

Economy 
Miles/Gal 

1970      1973 
Percent 

Loss 

Consumption 
Grams/Mile 
1970      1973 

Percent 
Increase 

3,500 
4,000 
4,500 

13.2 
11.7 
10.6 

12.7 
11.0 
9.9 

3.7 
6.0 
6.6 

213 
240 
265 

221 
255 
283 

3.8 
6.2 
6.8 

4,653* 12.8 11.5 10.2 219 244 11.4 

5.000 
5,500 

9.9 
9.4 

9.1 
8.6 

8.1 
8.5 

283 
298 

308 
326 

8.8 
9.4 

* Du Pont road tests, with 1970 cars tested at equal weight of 1973 fleet. 
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1972 CVS Test Procedure 
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Fig. 4 - Spevd Vwtus Time for 1972 CVS Proc«dur* 
and Du Pom Urban^SuburbMi Fuel Economy Couna. 
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Table XI 

Effect of Emission Controls and Compression Ratio Reduction 
 on Fuel Consumption. 1964-67 to 1973  

Analysis of EPA Report 
Corrected for Unbumed Hydrocarbons 

Fuel Usaee 
Economy Consumption 

Miles/Gal Percent 
Loss 

Grams/Mile 
1964-67        1973 

Percent 
Welcht. Lbs 1964-67 1973 Increase 

3,500 13.6 12.7 6.6 206 221 7.3 
4,000 12.4 11.0 11.3 226 255 12.8 
4,500 11.6 9.9 14.7 242 283 16.9 
5,000 10.9 9.1 16.5 257 308 19.8 
5,500 10.3 8.6 16.5 272 326 19.9 

COMPARISON OF DU PONT/EPA DATA WITH FORD AND CHRYSLER DATA 

Recently, Information on fuel economy and performance trends of U. S. 
production automobiles was presented by H. C. MacDonald of Ford (Reference 3) 
and G. J. Huebner, Jr. of Chrysler (Reference 4).   As might be expected, direct 
comparisons of these or other such results are difficult since the approaches and 
base points used in the comparisons may not be identical.   Table Xn has been pre- 
pared based on information in Reference 3.   MacDonald traced the increase in 
weight and engine size from 1965 to 1973 of a "typical" 4-door sedan.   During 
this period weight increased 725 pounds and fuel economy deteriorated 21 percent. 
As shown in the table, performance of the "typicsU" vehicle decreased 8 percent 
from 1965 to 1968 after which the performance decrease was eliminated in 1971 
by the use of a larger engine.   From 1971 to 1973 performance with the larger 
engine deteriorated about 12 percent and fuel economy loss versus the 1965 vehicle 
increased to 21 percent. 

Table XIII has been prepared based on Figures 13, 14 and 15 from Reference 4. 
In this paper, G. J. Huebner, Jr. reported that urban cycle fuel economy decreased 
19 percent from 1968 to 1973 and acceleration decreased 11 percent. 

Information from Tables XII and XIII were combined in Table III of the 
Appendix with information from the Cantwell, et al paper (Reference 1).   Although 
direct comparisons cannot be made in all cases, it appears that the three sources 
are reasonably consistent. 
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Table Ml 

Fuel Conaumption and Performance Trends 
of "Typical" Ford Standard Size, 
 Four-Door Sedan  

From SAE Paper 730517<1> 

Year Notes on Vehicle 
Weight 
Pounds 

1965 "Small" V-8 3550 

1968 "Small" V-8 W80 
1971 350 dd V-8 plus'^) 4190 

1973 (4) 4S7S 

Anproxlmat^ 

Performance 
Loss, %<2) 

Fuel Economy 
City/Suburban 
mpg     Loss % 

U 

IS 

14.5 

<13 

12 

8 

IS 

21 

Fuel 
Consumption 
Increase. % 

8 

17 

26 

(1) "Effect of Emission Controls on Energy Requirements," 
Harold C.  MacDonald - Available In SAE Special Publication SP-383. 

(2) Acceleration Time 0-60 mph. 

(3) Also includes air conditioning, engine modified to nm on 91 octane gasoline; 
safety and damageability standards met. 

(4) Emission control system includes exhaust gas recirculatlon; 
5 mph bumpers provided. 
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Table Xm 

Fuel Consumption and Perfonnance Trends 
of "3600 Pound" Chrysler Car  

From SAE Paper 730518(1) 

Urban Cycle Fuel Usage 
Perfonnance Economy Consumption 

Year Lose. %(^) Loss. % Increase. % 

Overall Effect of Weight Increase and EmlBSlon Controls (Figure 13) 

1968-1973 n 19 M 

Effect of 11 Percent Weight Increase (Figure 15) 

1968-1973 • 4 4 

Effect of Emission Controls (Figure 14) 

1968- •1973 2 IS 18 
1972- •1973 1 10 11 

Effect of 10 Percent Engine Displacement Increase (Figure 4) 

(1) "General Factors Affecting Vehicle Fuel Requirements," 
George J. Huebner. Jr. - Available in SAE Special Publication 
SP-383. 

(2) Acceleration Time 0-60 mph. 
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ALLOCATION OF FUEL CONSUMPTION  INCREASE TO VARIOUS FACTORS 

The increase in fuel consumption of 25 percent from 1967 to 1973 cars 
Is the result of a number of factors of which the most important appear to be 
increasing vehicle weight and decreasing engine compression ratio.   Table XIV 
summarizes an attempt to allocate the effect of some of the changes that have 
taken place based on the information set forth in this report.   The effect of com- 
pression ratio reduction has been taken from literature sources.   Three references 
are given; many others might have been chosen. 

Table XIV 

Estimated Effects of Changes In Standard Size 1967 to 1973 Automobiles 
 on Fuel Consumption and Performance  

Weight Increase (~10% - 400 lb) 
Engine Size Increase (^16% - 50 eld) 
Tires and Suspension 
Aerodynamic Drag 
Transmission, Others 
Compression Ratio Seduction 

(1. 1 unit) 
Emission Control Measures 

Total 

Approximate Approximate 
Fuel Acceleration Time 

Consumption (0-60 mph) 
Increase, % Increase, % Reference 

7 12-20 Tables IX. A-m 
3 0.0) Reference 4 

(2) (1) Reference 4 
7 ? Reference 4 
7 7 Reference 4 
8 7 Reference 4,8,9 

9 3 A-m 
by difference 

12 A-ni 

The efficiency loss was manifested in slower acceleration time as well 
as In increased fuel consumption.   If the acceleration time had been held constant, 
the total efficiency loss expressed in terms of fuel consumption increase would 
have exceeded 25 percent and would be roughly 32 percent.   Conversion of 12 per- 
cent acceleration time increase to 7 percent fuel consumption increase is based on 
a study of compression ratio effects by F, W. Kavanagh, et al (Reference 9).   In 
that study, compression ratio of a test car was varied between 12:1 and 9:1, and 
fuel economy was held constant by using a lower rear axle ratio at the lower com- 
pression ratio.   Thus the efficiency decrease was manifested only in slower accel- 
eration time.   The 0 to 60 mph acceleration time was 8.0 at 12:1 and 9. 8 at 9:1, 
an increase of 23 percent.   In the same study, when a higher axle ratio was used 
at low compression ratio to hold performance constant, the fuel consumption 
increased 13 percent.   Taking those results, and equating a 23 percent increase in 
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acceleration time to a 13% Increase In fuel consumption, the 12 percent Increase in 
acceleration time from 1967 to 1973 would be equivalent to 7 percent fuel consumption 
Increase. 

<12%) {23%) =  7% 

It follows, therefore, that increasing compression ratio would represent 
an effective route for improving both performance and decreasing fuel consumption. 
In this connection it may be well to recall the work of Oberdorfer (Reference 10) 
and Felt and Krause (Reference 11) in which it was shown that increasing compres- 
sion ratio in the range of 8 to 10:1 reduced hydrocarbon and carbon monoxide 
emissions on a mass basis with little if any effect on nitrogen oxides.   These effects 
are shown In Figure 5 which is based on the work of Oberdorfer. 

UJ 

I6r 

12 

QL 

iiJ 8 

* 2 
Q: 
UJ Q: 
Q! 
0) 8 .    It! 
S (0 
< k 
0 

1 
K 4 r     1 
0 0 

COMPRESSION RATIO 
Fig. 5 - Effect of Compression Ratio on Exhaust 

Emission Levels at Equivalent Vetiicle 
Driveability. 

WEBettoney/et al/ap 
June 1973 
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APPENDIX 
Figure 1 

Urban-Suburban Fuel ConBumptlon Course. 
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APPENDIX 
Tabte I and Table II 

Table I 

Compression Ratio of Cars Used in Progiram 

Manufacturer's Published Ratios 

Car Make 

A 
C 
D 
E 
F 
G 

Average 

Weighted CRC Average* 

Model Year 
1970 1971 1972 1973 

9.0 8.5 8.5 8.5 
10.0 8.5 8.5 8.5 
10.0 8.2 8.2 8.0 
9.5 9.0 8.5 8.6 
9.S 8.0 8.5 8.0 
8.S 8.6 8.6 8.6 

9.5 

9.4 

8.6 

8.7 

8.5 

8.6 

8.4 

• Based on analysis of data in CRC Octane Number Requirement 
Surveys for 1970, 1971, and 1972 (References 5, 6 and 7). 

Table n 

Measured Weight of Cars Used In Program 

Weight Determined With Full Fuel Tank 
and an Allowance for Driver and Equipment of 240 Pounds 

Model Year 
Car Make 1970 1971 1972 1973 

A 4,350 4,470 4,520 4,610 
C 4.840 5,050 5,070 5,280 
D 4,640 4,690 4,660 4,820 
E 4.360 4,400 4,450 4,680 
F 3.760 3,600 4,110 4,230 
G 4,220 4,210 4,220 4.300 

Average  4,362 4.403 4,505 4.653 
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APPENDIX 
Tabte III 

Comparison of Fuel Consumption and Performance Trends of Standard Sire Vehicles 
as Reported by Ford - Chrysler - Du Pont - Du Pont/EPA 
 Pre-Emlaalon Control to 1973 Model Cars  

Ford(l) Chrysler'^' Du Pontfl) Du Pont/EPA^) 
1965-73 1968-73 1970-73 1964/67-73 

Weight Increase 
Pounds 1M - Stt 0 
Percent SO 11 7 0 

Performance Loss Due to 
Weight Increase 
C. R. Decrease and 
Emission Controls, % UNM U, 10-21 

Performance Loss Due to 
C. R. Decrease and 
Emission Controls, % - S - 

Fuel Economy Loss Due  to 
Weight bicrease 
C. R. Decrease and 
Emission Controls, % 21 19 18 

Fuel Economy Loss Due to 
C. R. Decrease and 
Emission Controls, % - 16 9 15 

Fuel Consumption Increase Due to 
Weight Increase 
C. R. Decrease and 
Emission Controls, % 26 24 I< 

Fuel Consumption Increase Due to 
C. R. Decrease and 
Emission Controls, % - IS 10 17 

(1) "Effect of Emission Controls on Energy Requirements," 
Harold C. MacDonald - Available In SAE Special Publication SP-383. 

(2) "General Factors Affecting Vehicle Fuel Requirements," 
George J. Huebner, Jr. - Available in SAE Special Publication SP-383. 

(3) "A Total Vehicle Emission Control System," E.N. Cantwell, W. E. Bettoney, 
and J. M. Plerrard - API Division of Refining Meeting, Philadelphia - 
May IS, 1973. 
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Mr. ROGERS. What would be the penalty if you only go to the 91 
octane, rather than the 100 octane ? 

Would it be as great as six ? 
The companies said 1 percent. 
Mr. BLANCHARD. Well, that is my point about Greneral Motors, Mr. 

Chairman. 
Mr. ROGERS. I am talking about Mobil and the other oil companies. 
Mr. BLANCHARD. Well, I am talking about General Motors. That is 

what they have already done. They had done when I testified before 
this committee and screamed bloody murder 4 years ago, when Mr. 
Cole announced his decision. That is, they decided then, ahead of time, 
before they needed to do it and before anybody was thinking about 
putting a catalyst, was to reduce the compression ratio down far 
enough to soak the fuel economy for the past ."J years. And so, they 
could say, this car will use a 91 octane gas, even though there is no 
point in using a 91 octane gas. That is why your constituents are 
saying to you day in, day out today, why in the world am I taking 
all this loss on my car ? 

After you have done that for 3 years to get ready for the catalyst, 
then when you put the catalyst on it is meaningless to say how much 
you are going to save now. The question is, how much are you going 
to save or lose versus where we were before you started reducing the 
compression ratio in the first place. 

Mr. ROGERS. Yes, but would you not agree that the lower compression 
ratio only resulted in about a 2-perccnt loss ? 

Mr. BLANCHARD. NO, sir. No, sir. 
Mr. ROGERS. What about the weight of the car? 
Mr. BLANCHARD. What about it ? 
Tx'ad saves 6 percent of wiiatevpi- fuel it takes you to run air con- 

ditioning, or a heavy car, a little car. a medium car, any amount of fuel 
you want to use to run it. 

Mr. ROGERS. Yes, but I am not sure that you single out and say that 
only changing the compression is what brought this about. Making 
big cars does it. 

Mr. BLANCHARD. All T am saying is, the compression ratio reduction 
reduced it that much. Now, however much air conditioning you put 
on it, that is extra. If yon want air conditioning, that is going to cost 
you. 

Mr. ROGERS. Sure, air conditioning, the weight of the car  
Mr. BLANCHARD. Right, all of that. 
Mr. ROGERS. The automatic transmission. 
Mr. BLANCHARD. Right, all of that is going to waste fuel and I have 

no patience with it. We should not waste fuel, but whatever you waste 
this lead saves 6 percent of it. 

Mr. ROGERS. NOW what I am saying, now that we are out of that^  
Mr. BLANCHARD. All right. 
Mr. ROGERS. What about the 1-percent fuel penalty for making 91 

octane gas nonleaded ? 
Do you agree with that statement ? 
Mr. Bi^ANCHARD. I nm not sure I understand the statement. T am 

sorry. 
Mr. ROGERS. What I am ti7ing to say is, the oil companies said there 
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would be a fuel penalty of 1 percent to bring about unleaded gaso- 
line at 91 octane. 

Mr. Bi^ANCHARn. All right, can I answer that this way ? 
Mr. BooERS. Certainly. 
Mr. Bi,.\NciiARD. What I tried to say a while ago—not I tried to say, 

all the testimony today was that the pool is 8814. That is what it is 
today, average all across the board if you do not do anything to it. 

Now all they are saying is, to get that pool at 881^ up to 91, which 
Mr. Cole says it takes to run his car, which w& do not agree satisfies 
it—but nevertheless, if you are going to make 91, I do not disagree 
that that takes 1 to 2 percent was what they said. 

Mr. ROGERS. Well, this was what I wanted to know. 
Mr. Bi-ANciiARD. Yes; but when you get it to the 91. you have 

already wasted, you have already taken the penalty of coming down 
on your compression ratio far enough to let that 91 satisfy that engine. 
That is the penalty we took 3 years early. 

Mr. ROGERS. Yes; but it all is taken on the idea that we \vant to clean 
up the air. 

Mr. Bi>ANcnARD. OK. but what  
Mr. ROGERS. NOW, if we want to wipe that out^ 
Mr. BLANCHARD. NO. No; I am not suggesting wiping it out. I am 

only suggesting what Mr. Satterfield's amendment is, that while we 
do not have enough gas to run the cars we have got, then we had better 
start holding where we are, not going backward. I am not suggesting 
you go backward. I am suggesting that you hold your present stand- 
ards, which as the old cars go off the road will still continue to improve 
dramatically, and that will save fuel oil to keep you warm, or half the 
barrel to make some gasoline to nm the cars that you do make. 

Mr. ROGERS. Except that the contrary testimony is that the fuel loss 
in 1974 can be reduced with the catalytic converter 13 percent, any- 
where from 6 to 13. Now, the oil companies said you would have a 3- 
percent reduction. 

Mr. BLANCHARD. A 3-percent reduction or improvement? 
Mr. ROGERS. Of loss. 
Mr. BL..\NCHARD. All right, but this is on top of the loss that you 

have already taken up, 20 percent. You can get that back. 
Mr. ROGERS. I understand, but you arc recommending the 1974, 

which has a built-in penalty. 
Mr. BLAN(^HARD. But it does not have to have the penalty. They only 

liave the penalty in it to get ready for the catalyst. 
Mr. ROGERS. Well, if you must maintain a level, I think that is ad- 

mitted as a penalty already. It exists in the 1974 standard, you see. 
Mr. BLANCHARn. Mr. Chairman, could I make one statement on that 

and then T will stop ? 
I realize I am Ijeing argumentative, and I apologize. 
Mr. ROGERS. NO ; this is what we need. 
Mr. Bi^ANCHARD. All we are saying, and we said it 4 years ago 

to you. We said that Ethyl had a car. but in addition there are 50 other 
I>eople that have got a car. That is, a car that can meet the 1974 stand- 
ards without any of this loss of economy. The difference has been, it 
cannot meet the 1975. 1976. and 1977. so to speak, standards. As you 
get tougher than the 1974. our car falls by the wayside, other cars 
fall by the wayside. But you can meet the 1974 standards with an 
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efficient automobile that does not require this fuel penalty, is our 
point. 

Now, when you go beyond this we admit you have got deep trouble. 
You do start losing efficiency, which you can make up by putting a 
catalyst, and then losing your efficiency by having to have lead-free 
gas, whichever way is the tradeoff. 

Mr. SATTERFiELn. Mr. Cliairman, may I ask one additional 
question ? 

Mr. ROGERS. Yes. 
Mr. SATTEUFIELD. We talked about the percentage of gain with the 

catalytic converter, and I want to go back to the automobile I drive, 
and I am going to talk about what I know and ask you, if I am cor- 
rect. I know that in my automobile I have dropped from a little less 
than 15 miles a gallon in a 1971 model to 10 in a 1973 model. Now, if 
I have that same model and put a catalvlic device in it, I am going to 
get—let us say as much as a IS-percent increase; 13 percent of 10 gal- 
lons is 1.3 gallons. I am only gonig to increase my economy up to 11.3 
gallons, not anywhere near approacliing the original 15. 

Is that not correct? 
Mr. BLANGHARD. That is correct. But what I would suggest you gen- 

tlemen do is, if you ever get a chance to ask Mr. Cole the question, you 
find out whether he is saying that you will get a 13-percent improve- 
ment on your automobile when you put the catalyst on an identical car, 
or is he throwng in a whole buncli of small cars that Europe has 
convinced us we ought to buy, to average them all in to talk about 
his fuel economy. I am not sure which he is talking about. 

Mr. SATTERFIELD. I understand that. But what you are saying fur- 
ther is that 6 percent of that penalty came about because we have 
reduced the compression ratio and lowered the lead in gasoline, which 
was not necessary to meet the 1973 or the 1974 standards? 

Mr. BLAN'CHARD. Correct. 
Mr. SATTERFIELD. Thank you, sir. 
Mr. ROGERS. Thank you .so .mucii for your presence. We again 

apologize for keeping you gentlemen so late. 
Mr. Btu\NCHARD. Thank you for your patience in waiting until 5 

minutes before 7 to hear us. We appreciate it. 
Mr. BUTLER. Thank you. 
Mr. ROGERS. You have been most helpful to the committee. 
The committee stands adjourned until 2 o'clock tomorrow afternoon. 
[Whereupon, at fi :55 p.m., tiic subcommittee adjourned to rex»nvene 

at 2 p.m., Tuesday, December 4, 1973.] 
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NEW MOTOR VEHICLE EMISSION STANDARDS 
AND FUEL ECONOMY 

TUESDAY, DECEMBER 4,  1973 

HOUSE OF REPRESENTATI\T:8, 
SXJBCOMMITTEE ON PlBLIC HEALTII AND ENVinONMENT, 

COMMITTEE ON INTERSTATE AND FOREIGN COMMERCE, 
Washington, D.C. 

The subcomTnittec met nt 2 p.m., i)iirsimnt to notice, in room 2322, 
Raybiirn House Office Hnildinp. Plon. Paul G. Rogei-s. chairman, 
presiding. 

Mr. RooERS. The subconiinitt«c will come to ordei-jilease. 
We are continuing our hearings regarding the Clean Air Act and 

its relation to the energy crisis. And our first witness this afternoon 
is Dr. Edward E. David, executive vice president of the Research, 
Development & Planning. Gould. Inc. 

The committee welcomes you, Dr. David, and we appreciate your 
being here. As you know, the committee has asked witnesses to have 
a 5-minute statement, and then be subject to questioning by the com- 
mittee. And if you could proceed in that timeframe, it would be 
helpful. 

STATEMENT OF DR. EDWARD E. DAVID. EXECUTIVE VICE PRESI- 
DENT, RESEARCH, DEVELOPMENT AND PLANNING, GOULD, INC.; 
ACCOMPANIED BY DR. ROBERT FEDOR, DIRECTOR, EMISSIONS 
CONTROL, GOULD, INC. 

Dr. DAVID. I will try to run through this in a hurry. Mr. Chairman. 
Mr. ROGERS. Thank you. 
Dr. DAVID. On my right is Dr. Robert Fedor, who is in charge of 

Gould. Inc.'s research and development program on emissions control. 
Mr. ROGERS. Dr. Fedor, welcome you. 
Dr. DAVID. As you know, I am vice president, director of re.seaich 

and planning for Gould. As you know, I previously testified liefore 
the conmiittee in September, and I reported on our progress in 
making  

Mr. ROGERS. Coidd you speak just a little louder? 
Are the mikes connected ? 
No mikes. I am sorry, sir. If you could speak a little louder? 
Dr. DAVID. AS you know, T testified previously in September before 

this committee on the progress that our company has been making on 
a reliable base-metal catlyst for reducing the exides of nitrogen in 
automobile exhausts to the'1977 statutory limit. I would like to express 

(173) 



174 

today Gould's position on the amendment to the Clean Air Act, which 
would freeze tlie 1975 emission standards throuph the 1977 ixuto year. 

T^t me Iwjrin by sayinp that I think stable statutory requirements 
must be fixed as quickly as possible. Like the automobile mannfac- 
turei-s, we also need adequate leadtime. 

But the statutory lequirements for NO, omission controls must be 
based on a careful and thoroujrli examination of all lelevant factors. 
aiul not on an "amendment of the day" which, as far as I can see. is 
unsupiwrted and unaccompanied by any substantial evidence. The 
relevant factors whicli the Congress oupht to consider include the 
health effects of NO, and the other aiitomobile-related pollutants, the 
fuel benefits and i^enalties associated with the various methods of con- 
trollin<r those pollutants. «nd the other costs and benefits associated 
witli those methods of control. 

These are complex (juestions. And we Iwlieve that they can be an- 
swered fairly and correctly only after this committee has had an op- 
l)ortunity to examine the latest EPA recommendation on NO, control, 
the most recent Jai)aneso and American health studies, and the report 
from the National Academy of Sciences on its ciirrent investipitions. 

We urfre this committee to take the time t« examine these reports, 
studies, and recommendations with the utmost care, for there are 
likely to be .seiious conflicts between them, and serious doubts have al- 
ready ai'isen abo\it one of them. 

For example, we have serious reservations re<rardinfr the EPA con- 
clusions, specifically with re<rard to the health effects of NO,. Grould 
itself is not expeit in health effects of NOx and other pollutants. But 
we have retained out.side consultants to review available worldwide 
toxicolojrical and epidemiolofjical studies on NO,. According to these 
consultants, theie is doubt that the cuirent ambient air quality stand- 
ards foi- NO, aie strict enouph to protect the public health. 

Now that I have smnmaiized the important issues which this amend- 
ment would ipnoro. I would like to ie\iew the status of our NO, con- 
trol technolo<ry in lipht of the enertrA' crisis. We feel the technology for 
.stiict NO, control does exist, and achieving strict NO, control need 
not conflict with energ;^' conservation. 

Fii"st, with regard to the technology", when it is used in a pi-operly 
engineered system with correct carburetion. Gould's catalyst is capable 
of achieving NO, convei-sion of well over 95 i)ercent. In tests to date, 
emission levels of less than 0.2 gram/mile are not umisual, even after 
seveial thousand miles. These results have l>een verified at EPA's fa- 
cility in Ann Arbor on a Ford Torino with a dual catalyst system 
using Gould NO, catalyst. The.se res\ilts were 0.13 gram/mile NO,. 0.27 
gram/mile KG. and 2.18 gram/mile CO. 

The overall performance of the Goidd catalyst has been demon- 
strated in road tests totaling over 250.000 miles. For the first few 
thousand miles, conversion efficiencies of well over 95 percent are 
typical, giving emission levels between 0.1 and 0.2 gram/mile on stand- 
ard size T'J^.S. cars. As mileage accumulates, the catalyst activity de- 
creases until at 25.000 miles, there is aiound 90-percent activity, giving 
emission levels between 0.35 and 0.55 gram/mile. In addition to its 
NOv capabilitv. the Gould catalyst is entirely compatible with com- 
mercially available oxidation catalysts. 
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What is the situation on fuel economy? The noncatalyst emission 
controls on today's cars have led to a substantial fuel penalty as 
compared to completely uncontrolled cars. There have been several 
estimates of the severity of this penalty. The most reliable figures 
vs-e have indicate it might be as high as 14 percent. The use of cata- 
lysts for emission control can recover a substantial part of this penalty. 

Let me try to be specific. A syst«m employing catalysts can be 
optimized to meet statutory 1977 standards and give better fuel 
economy than both current models and the improved 1975 models, 
which only meet interim emission standards. In 1975, it appears that 
cars with an oxidation catalyst for hydrocarbon and carbon monoxide 
control will achieve an average of only 6 percent worse fuel penalty 
than an uncontrolled car. Thus, there is an 8-percent improvement over 
1973 vehicles. 

For 1977 models, which will achieve stricter hydrocarbon and car- 
bon monoxide control and strict NO, control, it appears that use of a 
dual catalyst system with the elimination of exhaust gas recirculation 
(EGR) could result in a 2- to 6-percent improvement over 1973. Along 
with the use of a dual catalyst system and the elimination of EGR, 
additional system modifications such as belted radial tires, higher 
compression engines, and improved carburetion and startup tech- 
niques, could result in fuel economy slightly better than the 1975 
projections. 

This means that with known technology, the Nation can achieve 
existing emission control goals for the protection of our health, and 
still conserve our energy resources. 

I^t me conclude, Mr. Chairman, by saying that we as a Nation 
are traditionally sensitive, perhaps overly sensitive, to the problems 
facing us, jmrticularly wlien those problems arise suddenly and loom 
large. But if we stop and thoughtfully gain perspective on our situa- 
tion today, we see tiiat energy supply, energy conservation, and en- 
vironmental preservation all equally support tlie lifestyle to which we 
aspire, just as three legs support a stool. Emergencies always will 
arise, but responding to those emergencies should not entail sacrificing 
one of those supports. If we do, the stool collapses. If science and tech- 
nology are used to the fullest extent possible, those three supports need 
not be in conflict with one another, but can be ec^ual partners in 
realizing both an adequate quality of life and a high standard of 
living. 

I will be happy to answer any question you might have. 
Mr. RoGEHs. Thank you very much, Dr. David. We will question 

under the 5-minute rule, Ix'cause we have a numlier of witnesses this 
afternoon. 

Mr. Satterfield. 
Mr. SATTERFIEI-D. Tiiank you, Mr. Chairman. 
Dr. David, with reference to the statement that a catalyst has been 

tested 250,000 miles. You say the first few thousand miles is well over 
95 percent efficient; at 25,000, that drops to about 90 percent. 

What happens after 25,000 miles? 
Dr. DAVID. After 25,000 miles, Mr. Satterfield, the activity con- 

tinues to decrease. And tiie catalyst, in ordinary operation, would have 
to be replaced after 25,000 miles. 
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Mr. SATTERFIELD. SO this talk tliat we heard 3 years ago, that a 
catalyst ought to be perfected for 50,000 miles minimum, no longer 
pertains ? 

Dr. DAVID. I do not think we have ever said as a company that we 
could obtain a 50,000-mile-NO,-reduction catalyst. I believe there 
was some talk of that with respect to oxidation catalysts, but I am 
not certain. 

Mr. SATTERFIELD. What will be the cost of your catalyst? 
Dr. DAVID. We project that the net cost, including credit for taking 

off the exhaust gas recirculation, would be around $60 per car. That 
is the sticker price. 

Mr. SATTERFIELD. And then if you were going to replace it, it would 
be $60 plus the cost of the unit ? 

Dr. DAVID. NO; it would be somewhat less than that. And I would 
like to ask Di-. Fedoi- what his current estimate of the replacement 
cost would be. 

Dr. FEDOR. No more than $40. 
Mr. SATTERFIELD. Plus labor? ^ 
Dr. FEDOR. Perhaps. 
Mr. SATTERFIELD. YOU speak about an 8-percent improvement over 

1973 models, even in the worst cars, but you also talk about the fact 
that the penalties in the 1974 models right now are 14 percent. 

Dr. DAVID. We have looked at a great deal of data which is avail- 
able to the general public. Our conclusion on looking at all of it is 
that 14 percent is approximately the current penalty. There are, of 
course, deviations depending on car size. The 14 percent is for standard 
size U.S. cars, Mr. Satterfield. 

Mr. SATTERFIELD. And how much do you say you can pick up in 
cconorny if you put a catalyst on? 

Dr. DAVID. Our estimate is 8 percent over 1973. 
Mr. SATTERFIELD. Well, all right. 
And then you say that in the 1977 model years, that this would 

drop down to a further 4 or 6 percent. 
Dr. DAVID. The 2- to 6-percent improvement over 1973, is what wo 

measured with today's technology in the ignition and fuel system. 
Wo belie\e that if the higiiest technologj' fiiel and ignition systems 
are used, including a compression increase, in these automobiles, that 
the 1977 mileage could Ix? approximately the same or slightly better 
than 1975. 

Mr. SATTERFIELD. YOU say increase in the compiession  
Dr. DAVID. Yes. 
Mr. SA rrERFiELD. How would you go about doing that ? 
Dr. DAVID. I think you ougiit to ask the automobile companies 

exactly how they  
Mr. SATiT-ntFiKLD. You make the statement you do not know how it 

is going to be done? 
Dr. DAVID. Well, I know liow you can increase the compression in 

an automobile. And I do not think you want a technical explanation 
of that. There is no i-eason that that could not be done, Mr. Satterfield. 

Mr. SATTKRFIKLD. Would not it require higher octane gasoline? 
Dr. DAVID. Yes, it would. It would require 95-96 octane gas, which 

according to the oil comiJanios' projections—and this is information 
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that is known to the general public—would produce maximum miles 
of travel i>er barrel of oil. 

Mr. SATTERFIELD. Does your catalyst run on leaded gasoline? 
Dr. DAVID. It can, but as I told yoti in the previous hearings, our 

catalyst is part of a system which would not use leaded gasoline. 
Mr. SATTERFIEIJ). Were you aware of the fact that the only way 

you could get 94 octane would be to add lead to the gasoline? 
Dr. DAVID. That, according to our information, is not so, Mr. Satter- 

field. 
Mr. S.VTTEKFIELD. Not SO? 
Well, let me ask you one other question. Has any automobile manu- 

facturer contracted with you to employ your catalyst in their vehicle? 
Dr. DAVID. I am sorry. I did not get the question. 
Mr. SATTFJIFIELD. Has any manufacturer contracted with you or in- 

dicated he is going to employ your catalyst ? 
Dr. DAVID. WC have no production contracts at the present time. 
Mr. SATTERFIELD. NO contracts. 
Thank you. 
Mr. ROGERS. Dr. Carter. 
Mr. CARTER. Thank you, Mr. Chairman. 
Your catalyst is quite efficient, 95 percent efficient for 25,000 miles. 

Cori-ect? 
Dr. DAVID. Ijet me interrupt, Mr. Carter. No. it is not 95 percent 

efficient foi- 25,000 miles. It begins  
, Mr. CARTER. I read that in your statement. 

Dr. DAVID. It begins its operation at 95 percent, approximately, 
efficient, and over the 25.000 miles the activity decreases until at the 
end it is about 90 percent efficient. So that there is a decrease in con- 
version efficiency over the 25,000 miles, from about 95 to 90 percent. 

Mr. CARTF;R. Thank you. It is a little clearer than your statement 
was. 

Dr. DAVID. I am sorry. 
Mr. CARTER. From 25,000 to 50,000 miles, there is a continued 

diminution in the effectiveness of your converter. Is that correct? 
Dr. DAVID. That is correct, and the converter would have to be re- 

placed at 25.000 miles. There is no doubt of that. 
Mr. CARTER. It would go up to emitting as much as 0.55? 
Dr. DAVID. At 25,000 miles, we estimate the emission at between 

0.35 and 0.55 grams per mile. 
Mr. CARTER. Yes. 
Thank you so much. You say that a car, a 1975 model car fitted with 

your converter, will show an improvement in fuel consumption. That 
is, it will consume less by 8 iwrcent than the 1973 model. Is that cor- 
rect? 

Dr. DAVID. No, sir. We have taken the automotive and EPA figures, 
and we would say that the 1975 models on the average will use 8 per- 
cent less fuel per mile than the 1973 models. If we did not advance 
automotive technology at all between 1975 and 1977, we would have a 
2-percent improvement over 1973. 

But we believe that, with improvements and using the maximum 
technology available, in 1977 one could get operation approximately 
equivalent to 1975, which is 8 percent over 1973. 
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Mr. CARTER. NOW. you came back to the very same thing: 8 {jercent 
over 1973. This is what I had asked you really. 

Now. suppose we had a car in i97l that got. 15 miles per gallon. 
In 1973 with the 15-percent penalty, it would get 12.75 miles per gal- 
lon. Is that correct? 

Dr. DAVID. The 14-percent figure that we used is over an luicon- 
troUed car, and the 1971's had some control on them. 

Mr. CARTER. Well. I am using 15 percent. T think that is accepted 
by a great many anyway. You would have a penalty; you would get 
only 12.75 miles per gallon in the 1973 car versus the 1971. 

Now, you would get an increase  
Dr. DAVID. Of 8 percent. 
Mr. CARTER. Of 8 percent. 
And still with that 8-pcrcent increase, would your savings be 

equal to that, or would your miles per gallon equal the miles per gal- 
lon in 1971? 

Dr. DA\-n>. Well, obviously not if you use the figures which you are 
using. However  

Mr. CARTER. If you use any other figures, you cannot do it. I mean 
any acceptable figures. 

Dr. DAVID. Well, as we indicated, the jx^nalty over an uncontrolled 
car, which is not 1971. but over an uncontrolled car would be .some- 
thing like 6 percent. 

Now. the benefits you are getting for that 6-i>ereent fuel penalty 
is a contribution to clean air. 

Mr. CARTER. I certainly Imd hoped that we got clean air, but I still 
feel like we have got a greater loss in mileage than your figures would 
show, and your words indicate. 

Mr. ROGERS. Thank you. 
Mr. Ha,stings. 
Mr. HASTINGS. Thank you. Mr. Chainnan. 
I am trying to find out what you were advising this committee to 

do as far as the standards are concerned. I have not seen where you 
really spell it out hei-e. You tell us that we ought to set them up 
as quickly as possible. 

Do you favor the Administration's proposal locking the 1975 stand- 
ards for 1976-77. or do you favor leaving tlie standards alone as 
presently written in statute, or just exactly what do you favor? 

Dr. DA\qn. ^Ir. Hastings, Gould would favor leaving the standards 
as is. 

Mr. HASTINGS. Without any changes whatsoever? 
Dr. DAVID. Without any changes. 
Mr. HASTINGS. Now, I have some difficulty, in talking to different 

people, manufacturers of automobiles and manufacturers of catalytic 
converters, and oil companies, in arriving at fuel economy problem 
along the lines: in 1975, where GM says that the 15-i>ercent economy 
is going to be at variance. 

I understand there could lx> a minor variance. Some other automo- 
bile manufacturers say a little bit differently, of course. We will get 
to those a little bit later on in the afternoon. 

But when you go from 1975 to 1977, some charts show me that there 
is as much as a 30-percent decrease in efficiency, when you take a 
combination of the converter, and then the tuneup of the engine that 
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probably will be required to meet the 1977 standards. But I do not 
think your statement reflected that exactly. 

Dr. DAVID. No; it did not, Mr. Hastings. Our projections and our 
tests—these are not only projections, but mileage tests done with our 
cars and confirmed by independent groups—indicate that with to- 
day's technology in the ignition system and in the fuel system, that 
one would get a 2-percent credit in 1977 over 1973. 

Mr. H.48T1NGS. Well, then at that point—I am a simple layman try- 
ing to figure out what is the best thing to do in the interests of every- 
body here. 

Now. why is there such a discrepancy between what one automobile 
manufacturer will te.stify to in front of this committee, and what you 
are prepared to? And I am suiv you are all interested in the same 
thing. 

But why is there s>ich a discrepancy ? 
Dr. DAVID. Well, I am not sure. 
Mr. HASTINGS. I understand you are not sure. Everybody has a 

vested interest, and everybody in this room probably does. But we 
have the problem of tr^'ing to separate that all out, and do what we 
think is best. 

Dr. DA^^D. Wliat T have tried to do in this testimony, Mr. Hastings, 
is to testify on the basis of the best data available to us. including our 
own tests, and to give you that information in as straightforward a 
way as I can. I cannot accoimt for the discrepancies in te.stimony by 
other people. 

I can merely say that if one u.ses the best technology that is avail- 
able at a given time, that the fuel penalties that will result from 
automobile emissions controls ought to be very small. And the figure 
that we project is something like a 5- or 6-percent penalty in total 
over an uncontrolled car. 

Mr. HASTINGS. How would you feel toward using the California 
interim .standards, rather than the existing statutory standards? 

Dr. DA^^D. Well. I think there are very serious questions about 
health effects. That is leally the issue on which this committee should 
judge the adequacy of the overall emission standards. Emission 
standards, of course, have to be related to ambient air standards and 
that to the health effects. 

As I indicated in my testimony, we have retained consultants in 
the health area to advise us on this matter, and we believe there are 
serious health questions that would be raised if the ambient air quality 
standards were weakenetl. 

Mr. HASTINGS. In other words, you would be opposed to that, pre- 
ferring to stay with the statutory standards ? 

Dr. DAVID. T^nless there wei-e scientific information available that 
told us that the liealth effects were not a problem. 

Mr. HASTINGS. All right. 
Thank you. 
Mr. ROGERS. Mr. Heinz. 
Mr. HEINZ. Mr. Chairman, let me defer my questioning. I apologize 

for being late. 
Mr. ROGERS. That is all right. 
We will get to his testimony. I understood there was a car, a Matador, 
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that had used your equipment, that has been tested. Are you aware of 
the results of that testing ? 

Dr. DAVID. Well, we have been informed of the results of that test- 
ing, Mr. Chairman. 

Mr. ROGERS. I see. 
Well, perhaps you could give us your comment on that for the record, 

rather than now. 
[The following information was received for the record:] 

COMMENTS REGABDINO GOULD CATALYST USED ON DB. BALOOHO'S TEST VEHICLE 

In April, 1973 Gould provided Dr. Balgord with two GEM 67 catalysts typical 
of those provided to Detroit in spring-summer. 1973. Instructions on general 
system design especially preferred carburation were also provided. Tests on 
the New York State car were performed at Gould at 16 and 25,000 miles. In 
addition, we encouraged Dr. Balgord to have his car te.sted at the EPA in Ann 
Arbor to insure the objectivity of the test results. 

We feel that the New York State test re.sults are quite comparable to that 
of Gould's fleet tests which were reported to the EPA in .luly. 1973. Our own 
data varied from .39 to .60 gram i>er mile XO, at 25,000 miles under a variety of 
mileage accumulation schedules. It is felt tliat this data reflects not only the 
capability of GEM to reduce NO. but also indicates its compatibility with the 
oxidation catalyst to achieve stringent control of HC and CO as well. 

In retrospect the New York State data demonstrates the rapid progress in 
NOx control technology that has occurrd over the past few years. The status 
of this technology is comparable to that of oxidation catalysts at the May. 
1972 EPA hearings. A that time only flnglehard and Matthey Bishop displayed 
promising data. Because of the catalyst companies data the EPA upheld the 
stringent HC and CO standards and in effect forced the auto companies to 
perform the .systems work required to refine the oxidation catalyst technology 
for mass utilization. In a similar fashion aggressive pursuit of tlie system 
technology for reducing catalysts is now required prior to mass utilization. 

Mr. RoGEKS. I understand it is your testimony then that the stand- 
ards should not be changed. 

Dr. DAVID. This is correct, Mr. Chairman. 
Mr. ROGERS. YOU think the emission standards are capable of being 

met? 
Dr. DAVID. Yes, I do. 
Mr. ROGERS. All right. 
Thank you very much. We are grateful to you for being here. 
There is a call to the Hotise floor. The committee will 7-ecess for 

5 minutes. 
[Brief recess.] 
Mr. ROGERS. The full committee will .<ro into session as soon as the 

rule has been adopted on the next bill. I do not know how long that 
will take. AVe may have a number of minutes, half an hour, or an hour. 

But in any event. I think we should get started with the automobile 
industry witnesses. We may have to have a postponement if we cannot 
finish before the full committee goes into session, until ,5 this after- 
noon and fini.sh up at .5. We hope we can do it before; but I think if 
we can proceed now, and if the indu.stry witnesses would take your 
places at the table, T would be grateful. 

Mr. Edward N. Cole, president of the General Motors Corp.: Mr. 
Herbert L. Misch. vice president, safetv and environmental affairs 
of the Ford Motor Co.; Mr. Sydney L. Terry, vice president, environ- 
mental and safety relations, Chrvsler Corp.; and anvone that you 
want to join you at the table. Just pull up some chairs liehind yoii. 
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I am sorry that we will have to adjust to the full committee's sched- 
ule. We had not anticipated an afternoon session, but as you know, we 
are trying to get the energy bill out, so it will require an afternoon 
session. 

You gentlemen may proceed however you desire. As I understand 
it, each would have a statement of approximately 5 minutes, and 
then we can get into questions and discussions. 

Mr. SYMINGTON. Mr. Chairman, the statements will be made a part 
of the record. 

Mr. ROGERS. Without objection, it will be made a part of the record. 
Mr. Misch, would you like to begin ? 

STATEMENTS OF HERBERT L. MISCH, VICE PRESIDENT, ENVIRON- 
MENTAL AND SAFETY ENGINEERING STAFF, FORD MOTOR CO.; 
SYDNEY L. TERRY, VICE PRESIDENT, SAFETY AND ENVIRON- 
MENTAL RELATIONS, CHRYSLER CORP.; ACCOMPANIED BY VIC- 
TOR TOMLINSON, COUNSEL; AND CHARLES HEINEN, DIRECTOR, 
VEHICLE EMISSIONS; AND EDWARD N. COLE, PRESIDENT, GEN- 
ERAL MOTORS CORP. 

Mr. MISCH. Yes, Mr. Chairman. May I request that my full state- 
ment be filed as a part of the record ? 

Mr. ROGERS. Without objection, it will be made a part of the record. 
Mr. MISCH. I do have a summary prepared in the interest of time. 

That summary has been handed out just so that you can follow me. 
My name is Herl>ert L. Misch, vice president of environmental 

and safety engineering staff of Ford Motor Co. 
I have previously testified in September before this committee in 

respect to our concern about catalyst durability and reliability, and 
I will not repeat that or the other i^oints we made at the time of our 
last appearance. The aggravated nature of the gasoline shortage which 
has become apparent since September does, however, add several new 
points of view which deserve to l>e a factor in the determination of Con- 
gress on this issue. 

For example, a theoretical improvement of only slightly more than 
1 percent in total automobile emissions would result in 1975 by fol- 
lowing the vehicle emission standards now specified by EPA for that 
year compared to carrying over our ])resent 1974 requirements. How- 
over, if the gasoline shortage aomunts to 1.5 percent—and we have heard 
it will be at least that much—^then veliicle emissions will obviously be 
reduced by that same 15 i)ercent. On that basis, it is simply not realistic 
to say that a carryover of 1974 standards would result in a slowing 
up of environmental improvement. Therefore, it appears to me that 
this committee is not considering a decision which is for or against 
clean air. Instead, the issue is to decide what is most logical in respect 
to the energy crisis. 

Second, we believe that gas shortages will increase the improper 
fueling of catalyst equipped care. Several factors could lead to this 
situation. There will he a very limited demand for unleaded gasoline 
for some time becaiise of the relatively small population of cars needing 
this fuel. By the fall of 1975. for example, fewer than 10 percent of 
all ca!-s on the road will require unleaded gasoline. This low level of 
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demand would create supply and distribution problems even in the 
best of times. Supplyin<r outlyinj;: stations with unleaded gasoline, 
when the demand is low and general shortages prevail, would seem to 
pose more problems. In times of shortages and allocation of fuel, service 
stations and wholesale delivery facilities might be more lax in main- 
taining sterile unleaded gasoline which rwjuires special and dedicated 
facilities in the various handling and delivery stages. 

Possibly of greatest concern arc those problems arising out of 
unleaded fuel shortages. The overall short supplv of gasoline could 
lead to the indiscriminate use of leaded and unleacled fuel. For exam- 
ple, if a station runs out of unleaded gasoline, there may be more 
tendency to "foice feed" catalyst cars with leaded gasoline. If a motor- 
ist with a catalyst-equipped car ran low on fuel or out of gas alto- 
gether, he probably would be happy to get any kind of gas he could— 
leaded or unleaded—rather than he stranded. 

There has been a great deal of confusion about the effect the 1975 
standards will have on fuel economy, particularly when catalysts are 
used. I have in my attachment A to my full statement a chart we 
previously submitted to the Senate Public Works Committee which 
shows an 8-percent difference in gasoline mileage between cars "with 
and without catalysts while both are designed to meet present 1975 
standards. The 1975 fuel economy with catalysts, however, is only 
3 jiercent better than our 1974 models. We understand from testimony 
and data from oil companies that unleaded gasoline reduces the yield 
per barrel of crude oil. If so. we would have to conclude that the 
effects of our petroleum supplies from carrying over 1974 standards 
and meeting 1975 standards with catalysts would be equivalent. 

In the other attachment to my statement, attachment B, we indi- 
cate the effect of fuel economy on Ford cars occurring as a result of 
imposing two different sets of emission standards beginning with the 
1975 model year. Carrying the 1974 standards over for 2 years and 
adopting the California interim standards in 1977, as we recommend 
to the Senate Public Works Committee, will avoid the premature use 
of catalysts and actually result in a net fuel saving of 5 percent by 
1977. 

Let me turn to another jwint. Ijast week EPA recommended to 
Congress certain NO, standards up through the 1990's. The EPA 
proposal would establish NO, controls at 2 grams per mile but only 
up thiough 1981 when they would then be reduced to 1 gram per mile 
and then later be reduced to 0.4 gram per mile. 

Ford Motor Co. already has told this committee that if the long- 
teim NO, standard is set at a minimum of 2 grams per mile and if 
all our developmental goals were achieved, the best we could do would 
be to convert one engine line to an alternate enjrine in 1977. However, 
we could not do even that if the EPA pioposal is followed. We could 
not proceed. If we did, we would Ix* part way through our conversion of 
facilities when we would be forced to stop conversion and pi-obably 
abandon the new engine because it does not have the potential to meet 
a 1-gram standard in 1982. 

To develop realistic development goals for our alternate engine re- 
search, we need congressional guidance on future NO, requirements 
by the end of this year. 
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Early congressional direction is also required for the next few 
model years on all three vehicle emission standards. For example, we 
should know before the end of this year what changes will become law 
with respect to all standards for 1976. We start building 1976 pre- 
certification vehicles next spring and we need prototype parts now. 
We must make firm facilities commitments to our suppliers this month 
for emission control components for 1976 models. For these reasons, 
we urgently need immediate congressional direction. A delay until next 
year, as recommended to you by EPA yesterday, totally ignores the 
leadtime requirements of our business. 

Let me summarize Ford Motor Co.'s position. We strongly urge that 
you consider carryover of the 1974 standards—primarily to avoid the 
use of unleaded fuel during the gasoline shortage—but also to avoid the 
risks associated with massive application of new catalyst technology. 

We further request that you provide immediate direction for the 
NO, levels you plan to establish for 1978 and beyond so that we can in- 
telligently plan our alternate engine research. Finally, we ask for 
congressional direction on these vehicle emission standards this month 
so we can meet the urgent needs of preparing for production of 
1976 models. Perhaps the best way to do this would be to amend the 
emergency energy bill now pending before the House Interstate and 
Foreign Commerce Committee, a bill which has already passed the U.S. 
Senate. 

Thank you for this op{M)rtimity to pre^sent our views on these vital 
matters. We have tried to make it clear that we are convinced it would 
be counterproductive to alleviation of the energy shortage to do any- 
thing but carry over 1974 emission standards and continue the use of 
leaded fuel for the next few years. 

[Testimony resumes on p. 187.] 
[Mr. Misch's prepared statement follows:] 

STATEMENT or HERBERT L. MISCH, VICE PRESIDENT, ENVIRONMENTAL & SAFETT 
ENOINEERINO STAFF, FORD MOTOR CO. 

My name is Herbert L. MIsoh, Vice President, Environmental and Safety 
Engineering Staff, Ford Motor Company. I appreciate this opportunity to appear 
before you regarding the Clean Air Act. 

Yoii may recall that when I testified before this Committee In September, I 
recommended that Congress determine whether the 1974 motor vehicle emission 
standards should lie continued in effect for an additional two years or whether 
the 197.^ interim standards for passenger cars should be retained for a period 
of time. I indicated what we believe to be the advantages and disadvantages of 
each position but made no specific recommendation. 

More recently, on November ,5, I testified before the Senate Public Works 
Committee on the same sul)ject and noted that the growing severity of the 
predictions of energy, petroleum and gasoline shortages argues strongly that 
Congress provide for the carryover of 1974 standards. 

I have previously testified before this CSommlttee in respect to our concern 
al)out catalyst durnbility and relial)llity and I will not repeat that and the 
other points we made at the time of our la.st appearance. The aggravated nature 
of the gasoline shortage which has become apparent since Septeml)er does, 
however, add several new points of view which deserve to be a factor In the 
determination of Congress on this issue. 

For example, the theoretical improvement of only slightly more than one 
percent in total automobile emissions would result In 1975 by following the 
vehicle emission standards now specified by EPA for that year compared to 
carr.vlng over pre.sent requirements. However, if the gasoline shortage amounts 
to i'y percent, and we have heard it will be at least that much, then vehicle 
emissions will obviously be reduced by that same 15 percent. On that basis, 



it Is simply not realistic to say that a carryover ot 1975 standards would result 
in a slowing up of environmental improvement. The control levels applicable to 
1974 models are sultstantial and auto caused air pollution will !«• reduced if we 
simpy replace older cars with these new vehicles meeting present standards. The 
fact that there will l)e significantly less fuel consumed by all vehicles during the 
next couple of years will accelerate the atmospheric clean up. Therefore, it ap- 
pears to me that this Committee is not considering a decision which is for or 
against clean air. Instead the issue is to decide what is most logical in resi)ect 
to the energy crisis. 

Secondly, we believe that gas shortages will increase improper faeUng of 
catalyst equipped cars. Several factors could lead to this situation. There will 
be very limited demand for unleaded gasoline for some time because of the 
relatively small population of cars needing this fuel. By the fall of 1975, for 
example, fewer than 10 percent of all cars on the road will require unleaded 
gasoline. This low level of demand would create supply and distribution prob- 
lems even in the best of times. Supplying outlying stations with unleaded 
gasoline, when the demand is low and general shortages prevail, would seem 
to pose more problems. In times of shortages and allocation of fuel, service 
stations and wholesale delivery facilities might be more lax in maintaining 
sterile unleaded gasoline which requires special and dedicated facilities in the 
various handling and delivery stages. 

Possibly of greatest concern are those problems arising out of unleaded fuel 
shortages. The overall short supply of gasoline could lead to the indiscriminate 
use of leaded and unleaded fuel. For example, if a station runs out of unleaded 
gasoline, there may be more tendency to "force feed" catalyst cars with leaded 
gasoline. If a motorist with a catalyst equipped car ran low on fuel or out of 
gas altogether, he probably would be happy to get any kind of gas he could— 
leaded or unleaded—rather than l)e stranded. 

If the law remains imchanged, unleaded fuel will be a necessity for 1975 
models with the attendent problems I have mentioned. This could be a logical 
conclusion of Congress only if it is determined that the total effect upon the 
energy Issue is thus optimized by improved fuel economy. 

There has been a great deal of confusion about the effect the 1975 standards 
will have on fuel economy particularly when catalysts are used. Attachment A 
is a chart we previously stibmitted to the Senate Public Works Committee which 
shows an 8 percent difference in gasoline mileage between cars with and without 
catalysts while both are designed to meet present 1975 standards. The 1975 
fuel economy with catalysts, however, la only 3 percent better than our 1974 
models. We understand from testimony and data from oil companies that un- 
leaded gasoline reduces the yield per barrel of crude oil. If so, we would have 
to conclude that the effects on our petroleum supplies from carrying over 1974 
standards and meeting 1975 standards with catalysts would be equivalent. 

Another point I want to emphasize Is that savings In fuel economy will result 
If there Is a period of stability In the emLssion requirements we have to meet— 
that is. if requirements are carried over for two or more years. Although this is 
difficult to quantify, we are confident that our engineers could do a much more 
effective job of improving fuel economy If they could work with carryover stand- 
ards and not have to reengineer and recertify for emissions year after year. For 
example, when emission standards for 49 states other than California remained 
the same for the 1973 and 1974 model years. Ford, on the average, improved the 
fuel economy of its vehicles by 3 percent. If 1974 standards are retained through 
the 1977 model year, I think we can expect further gains In fuel economy for 
those years. 

In Attachment B, we Indicate the effect of fuel economy on Ford cars occurring 
as n result of Imposing two different sets of emi.s.«iion standards beginning with 
the 1975 model year. Carrying the 1974 standanls over for two .vears and adopt- 
ing the California interim .standards in 1977 (as we recommended to the Senate 
Ptrtilic Works Committee) yriW avoid the premature use of catalysts and actually 
results in a net fuel savings of 5 percent by 1977. The .solid line for 1975 interim 
standards does not reflect the petroleum refining lo«! for unleaded fuel if that 
becomes a requirement for 1975 because of catalyst equipped cars. Attachment 
C shows the relationship of fuel economy on Ford cars liieihveen 1974 carryover 
and 1975 interim .«<tnndards carrle<l through 1977. 
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Let me turn to another point. Last week EPA recommended to Congress certain 
XO. standards up through the 1990's, and I tilnk this Committee should review 
that proposal. The carryover of 1974 emission levels for three years will have 
advantages In improving fuel economy because the NO. standards will remain 
nt 3.1 gpm rather than being reduced to 2 grams per mile for the 1976 and 1977 
model years. Even though EPA has said that meeting a 2 g!)m standard is 
technically aoliievable and we do not disagree, our data also clearly shows that 
meeting tightened XOx standards by any available technique known to us dramat- 
ically depreciates gasoline mileage. 

For this reason, we think the present NO. standards should be retained 
through the 1977 model year. If this Committee suwiorts that position, I would 
also recommend that at the same time a NO, standard of 2 grams tier mile be 
established for 1978 and beyond. As you knoiv, Fy)rd is vitally interested In 
developing alternate engine concepts w'hicli could ultlnNitely eliminate the need 
for catalysts. Those engines are not feasible if the statutory NO, standard will 
ultimately be lielow 2 grams jier mile. 

Let me explain. The EPA projwsal would establish NOx controls at 2 grams 
per mile but only up through 1981 wlien they would be reduced to 1 gram per mile 
and then later be reduced to .4 gpm. 

Ford Motor Company already has told this Committee that if all our develop- 
mental goals were achieved, the liest we could do would be to convert one engine 
line to an alternate engine in 1977. However, we would not want to do even that 
if we could not anticipate converting the remainder of our thirteen engine lines 
to this new engine concept on a year-by-year l>asis. As we liave clearly stated, 
the most promising alternate engines from both emissions control and fuel econ- 
omy standpoints are those that appear capable of meeting a 2 gpm NO. 
standard. 

If the EPA proposal is followed, we could not proceed. If did, we would be part 
way through our conversion of faciliteis when we would be forced to stop con- 
version and probably abandon the new engine l)eeause it does not have the 
I»otential to meet a 1 gram standard in 1982. 

We must have some assurance that a 2 gpm NO. standard would be in place 
for a reasonable time in the future in order to pursue the alternate engine ap- 
proach we have previously discussed with this Committee. I^acklng that assur- 
nnce we have no recourse but to .seek out other alternatives. 

To develop realistic developmental goals for our alternate engine research, 
we need Congres.sional guidance on future Nox requirements by the end of this 
year. 

Early Congressional direction is also required for the next few model years 
on all three vehicle emission standards. For example, we .should know before the 
end of this year what changes will become law with respect to all standards for 
1970. We start building 1976 precertlfication vehicles next spring and need proto- 
t.v|)e iiarts now. We must make firm facilities commitiments to our suppliers this 
month for emission control components for 1976 models. For these reasons, we 
nrgently need immediate Congressional direction. A delay until next year, as 
recommended to you by EPA yesterday, totally ignores the lead time require- 
ments of our business. 

I,et me simimarize Ford Motor Company's position. We strongly urge that 
you consider carryover of the 1974 standards—primarily to avoid the use of un- 
leadetl fuel during the gasoline shortage—but also to avoid the risks associated 
with nia.ssive ai)plication of new catalyst technology. 

We further request that you provide immediate direction for the NO. levels 
you plan to establish for 1978 and beyond so that we can Intelligently plan our 
alternate engine research. Finally, we ask for Congressional direction on these 
vehicle emission standards this month so we can meet the urgent needs of pre- 
paring for production of 1976 models. Perhaps the best way to do this would be 
to amend the emergency energy bill now pending before the House Interstate and 
Foreign Commerce Committee. A bill which has already passed the U.S. Senate. 

Thank you for this opportunity to present our views on these vital matters. 
We have tried to make it clear that we are convinced it woud be counter pro- 
ductive to alleviation of the energy shortage to do anything but carry over 1974 
emission standards and continue the use of leaded fuel for the next few years. 
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ATTACHMENT C 

Mr. RoGKRs. Thank you very mucli, Mi\ Misch. 
Mr. Teiry from Chrysler, if you could let us have your statement, 

please. 
STATEMENT OF SYDNEY L. TERRY 

Mr. TF.RRY. Yes, sir. 
My name is Sydney L. Terry, vice president of safety and environ- 

mental relations from Chrysler. With me today are Mr. Victor 
Tomlinson of our legral staff and Mr. Charles Heinen, director oi 
vehicle emissions. 

In the brief time we have available today we would like to make just 
a few points with rejrard to the issues of automotive emissions, fuel 
economy, and nutomobile design. 

First, let me make it clear that Chrysler Corp. is fully prepared to 
build and sell catalyst-equipped cars in 1075 which will meet the 
omissions standards botli for California and federally for that model 
year. We know that our Chrysler de\'eloped catalysts are fully com- 
petitive, and we are now running certification tests of our 1975 
systems. If it is the will of Coujcrress that the American people should 
pay the price in dollai-s and in natural resources for those systems 
with their attendant benefits and their attendant liabilities we are 
ready to accept that judgment. But we continue to believe that a 
carryover of the 1974 standards, which already removes 70 percent of 
automotive emissions, is the proper way to go. 

19-172 O - 74 - IS 
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We continue to believe that the recent Senate Public Works Com- 
mittee's decision to commit 1975 car buyers to the jnirchase of catalyst- 
equipped cai-s is a serious mistake for the Nation—not for Chrysler, 
but for the country. After all, the reecnt debate and the claims and 
counterclaims al>out the merits of catalj'tic converters, several un- 
assailable facts still remain. 

Fact one—a catalyst-equipped car will impose on the individual 
car buyer a penalty of approximately $150 in orijrinal cost, and even 
more in operating and maintenance costs. 

Fact two—the lead-free fuel required for catalysts will, by the end 
of 1975. cause a loss of crude oil at the Nation's refineries of at least 
1 million gallons a day. 

Fact three—if the concern over the acceleration of sulfate emissions 
from catalysts turns out to be valid, the removal of sulfur from gaso- 
line will cause an additional drain of up to 4 percent on crude oil 
supplies. 

Fact four—only 45 percent of the Nation's gas stations will have 
lead-free fuel. Tender normal circiunstances this might be acceptable. 
Howevei', during the current severe gasoline shortage which may per- 
sist for some time, it is clearly unacceptable. The motorist who has dif- 
ficulty finding gasoline of any kind will be seriously tempted to force 
feed regular leaded gasoline into the fuel tank of his catalyst-equipped 
car. This action will poison the catalyst and make it ineffective, with 
the result that the vehicle could produce more emissions than a non- 
catalyst car. We fully expect that when careful inspections are finally 
made in a few yeai-s, the incidence of poisoned and burned-out catalysts 
will be found to be unac^eptably high. And that is why we are very 
reluctant to put catalysts on the high percentage of our cars next 
year. 

Fact five^the so-called improved fuel economy which has been 
claimed for catalyst equipped cars is largely illusorj'. The claim for a 
sales-weighted average improvement is little more than a statement 
that small cars use less gas than big cars, and a larger percentage of 
small care will be produced in 1975. The average gain per vehicle is 
actually on the order of 3 percent according to our tests, doing the best 
job we can to improve fuel economy with the catalysts. This is easily 
offset by the crude oil loss of 5 to 7 percent in refining and burning of 
lead-free ga.soline. 

Fact six—^the multimillion-dollar national commitment to catalyst 
convertei-s, to unleaded gasoline supplies and delivery systems, and to 
A necessary system of inspection stations, will be nearly impossible to 
reverse. And it will surely delay the introduction of superior alter- 
nate technology. 

Fact seven—the final lesult of all these extreme penalties will be a 
difference in air quality between 1974 and 1975 standards and will be so 
small, according to Dr. Greenfield of the EPA, as to be undetectable 
in the first year. 

The list could go on. but we believe these few facts should be re- 
emphasized as this committee considers this critical issue. We continue 
to believe strongly that the 1974 emissions standards should be carried 
over until the National Academy of Sciences can recommend what 
actually needs to be done to protect health and to conserve resources. 
If we do not wait, this half-million-dollar study will be wasted. A 
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carryover of the present standards Avould also avoid all the serious 
risks I have just enumerated. 

Now, a few remarks as to the specifics of H.R. 10118. As a <|eneral 
principle, we believe that assigning responsibility to the EPA to set 
standards vitally affecting motor vehicle performance in many ways 
would create serious jurisdictional problems. If standards designed to 
improve fuel economy are in fact required, they might better be in 
the Department of Transportation where standards for automobile 
safety are already established. Tliere are inevitable tradeoffs between 
safety standards and fuel economy standards which must be carefully 
analyzed for overall effect and desirability before such standards are 
mandated. 

Beyond that general principle, let me comment just briefly on each 
of the subsections of the bill. 

A. On fuel economy labeling. If an acceptably accurate method of 
determining fuel economy can be established, one that is representative 
of ordinary, everyday driving, we strongly support the principle of 
making such data available to the purchaser of a new car. 

B. On establishing fuel economy standards. We believe that the im- 
position of fuel economy standards would inhibit the utility of many 
kinds of cars in many adverse ways, many impossible to predict even 
at this i)oint in time. We have testified on this before the Senate Com- 
mittee of Commerce in some detail and would be pleased to submit our 
statement on that for the record. 

Mr. ROGERS. Without objection it will be made a part of the record. 
Mr. TERRY. As to (C), (I)), and (E), on, requirements which would 

encourage greater fuel economy. We believe that the natural pressures 
of the marketplace, which are being felt very strongly in Detroit, as 
you are reading every day in the papei"S, will bring improved fuel 
economy as fast as any requirement written into law, and bring it in 
ways that will give us cars that do a better job of serving the transpor- 
tation needs of this country. As just one example, in the 1974 calendar 
year, in response to maiket demand, we will be ready to build over half 
of our total production as small cai-s. We could not have converted 
our plants any faster. 

(F) On limitations on emission controls which impede fuel economy. 
We support this provision, pointing out that the emission controls on 
today's car^cause a fuel eoonomy loss, that the lead-free fuel require- 
ment for 1975 does waste additional crude oil. and that emission stand- 
ards on the books for 1976 and 1977 will cause a serious additional fuel 
economy penalty on all automobiles. 

This ends our testimony. We will he. happy to answer any questions 
you might have. 

Thank you very much. 
[MI-. Terry's statement before the Senate Commerce Committee, re- 

ferred to. follows:] 

STATEMENT BY SYDNEY I,. TERRY, VICE PRESIDENT, ENVIRONMENTAL AND SAFETT 
RELATIONS, CHRYSLER CORP.. BEFORE THE SENATE COMMITTEE ON COMMERCE, 
WASHINGTON, D.C, .TUNE 21, 1973    * 
My iiaiiip is S.vdne.v I>. Tprr.T. I am Vice Frpsident, Envlnmmental and Safety 

Relations, for Chr.vsler Corporation. With me today are Mr. George .T.,.Huebner, 
Director of Research, and Mr. V. C. Tomlinson of our Legal Staff. 

We are pleased to have this opportunity to express our views on the Auto- 
motive Transport Research and Development Act of 1973 and the Motor Vehicle 
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Fuel Economy Act. Before commenting on the specific provisions of these bills, 
I would like to discuss Chrysler Corporation's position on the environment and 
the energy crisis—the two national Issues which have led to these hearings. 

I.et me begin with the question of the environment. Chrysler Corporation Is 
committed to eliminating the automobile's share of the country's air pollution 
problem. Our record over the years in developing effective controls Is w^ell known. 
Automotive emissions have l)een reduced an average of 70 percent from uncon- 
trolle<l levels. During the 1950s and 1960s, we also explored a number of sub- 
stitutes for the internal combustion engine. But for this period it was our best 
engineering judgment that the most reliable and economical jKiwer plant we could 
possiWy offer our customers was the internal combustion engine. 

That engine has now become the object of attack becau.se of its alleged in- 
efficiency and supposedly high fuel consumption. In considering that criticism 
there are three facts I would like to call to your attention. First, during the 1960s, 
there was a growing public demand for power equipment, air conditioning, auto- 
matic transmissions, and other options which tended to increase fuel consumption. 
Our customers al.so sought larger cars and higher horsepower engines for the 
longer trips they were taking on the country's freeways. And this, too, has had 
an adverse effect on fuel economy. Nevertheless our engineers have in j)art offset 
this effect primarily through stringent weight control programs. And controlling 
the weight of vehicles continues to be one of our most important engineering 
considerations. 

Second, there was a steady increase in vehicle weight largely as a result of 
government mandated safety and emissions equipment. As a direct result, between 
1963 and 1973 we had to add 152 pounds to a compact four-door Valiant. If you 
take account of the other changes we have had to make to maintain performance 
and dura1)ility l>ecause of the government requirements, the total safety and emis- 
sions related weight additions comes to 261 pounds. Next year's federally man- 
dated bumpers will add an additional 100 pounds. And I might point out that the 
weight increa.ses on intermediate and standard size cars are even greater. Weight, 
of course, has an adverse effect on fuel economy. One of our primary engineer- 
ing objectives has been to offset the effect of these government safety regula- 
tions by reducing the weight of a vehicle's components wherever we can. 

Third, the pas.sage of the Clean Air Act of 1970 was a setback for this steady 
progre.ss to control erais-sions and preserve good fuel economy. That law, as you 
know, mandated 93 to 97 percent reductions in automotive emissions from un- 
controlled levels. And it allowed us less than five years to meet these extremely 
stringent standards. As the Administrator of the Environmental Protection 
Agency indicated, in the time available to the industry the only power plant with 
any hoi)e of meeting the standards that could be produced In volume was the 
internal combustion engine equipped with catalysts or some other add-on device to 
treat the exhaust. 

The National Academy of Sciences, the Federation of American Scientists, the 
Office of Science and Technology, and even the Environmental Protection Agency, 
among others, have all recently concluded that the catalytic control system is a 
less than desirable control .system. We agree. The catalytic system is expensive. 
Importing the quantities of platinum and palladium required for catalysts will 
make a major industry dependent on foreign nations. Catalysts will require ex- 
pensive unleaded fuel. As you know, it requires more crude oil at the refinery 
to produce a gallon of lead free fuel. A report by the Office of Emergency Pre- 
paredness on the energy crisis l.ssued la.st year said that the use of dual catalysts 
to meet the 1976 standards will be counter-productive because of a fuel jK-nalty 
of 15 to 20 percent. 

As these facts have become clear, there has been a growing recognition that 
government programs, including the Clean Air Act itself, may actually have 
set back the development of alternate iK)wer plants and more efficient engines. 
The overly stringent numbers t^ongress .set have eliminated some engines from 
present serious consideration. Tlio turbine engine, for example, cannot presentl.v 
meet the 1976 oxides of nitrogen standard of 0.4 grams per mile. 

As you know, Chrysler's president, ,John Riccanlo discussed many of these 
points on May 31 l>efore the Senate Air and Water Pollution Sul)commlttee. Since 
much of what Mr. Riccardo said bears directly on today's subject, I would like 
to submit a cop.v of his statement for the record. 

Chrysler Corporation Is certainly not permanently committed to the piston 
engine's continued and exclusive usage. In this regard, Mr. Ric<'ardo's testimony 
Iirovides a brief evaluation of the various other power plants that have been 
proposed—the diesel, the rotary, the stratified charge, and soon. 
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We at Chrysler have always believed that tlie most prmuising new approach 
to automotive injwer Is the pas turbine engine. We tested a tleet in actual cus- 
tomer use in the 19150s. We have continued to develo|) tliis engine. We recently 
signed a contract with the Environmental Protection Agency for further turbine 
re.search. Basically, tlie turbine is an efficient engine. It can operate on many 
different tyi)es of fuel. It can easily pass the 1975 carbon monoxide and hydro- 
carbon emission standards. But it does not meet Uie 1976 oxides of nitrogen 
standard of .4 grams per mile. 

Based on work with our sixth generation turbine engine, we believe the 
turbine could meet an oxides of nitrogen standard of something les.s tlmn two 
erams per mile—perhaps as little as 1.5 grams per mile. But as long as the 
.standard for XO, remains at 0.4 grams per mile, major development programs to 
solve some of the remaining problems and any plans to put gas turbines in 
passenger cars must be indefinitely delayed. 

The greatest imt)etus to the development of new iwwer plants tliat are more 
efficient and that burn less fuel would clearly be a more stable outlook for future 
emission standards—that is necessary but reasonable standards and a more 
realistic timetable for implementation. In this regard, we hope Congress will act 
quickly on the recommendations of the Environmental Protection Agency and 
bring the oxides of nitrogen standard into line with the known medical and 
technological facts. A more reasonable oxides of nitrogen standard would resolve 
some of the present uncertainty as to the suitability of the Honda and diesel 
engine."*, and would make the turbine a viable alternative to the present piston 
engine. 

We do not believe that the Automotive Transport Research and Develpment Act 
is needed to stinnilate development of a new engine. Experience of government 
and industry prove w-e cannot invent on a timetable, or solve a problem simply 
by throwing money at it. More important, as the Environmental Protection 
Agency told this conmiittee. ". . . the competitive forces in . . . (the auto) 
Industry . . . are sufficiently great as to provide a high degree of confidence 
that—given the pr<)i)er circumstances—Industry can be expected to do the job 
that needs to be done." 

In this case, proper circumstances are realistic standards and adequate lead 
time needed to develop a new engine, complete the testing, secure the tooling 
and facilities, and convert the entire industry to production of a new power 
plant. The Department of Transportation and others estimate that it would 
take 10 to 12 rears—no three years. 

This Is not to ."say that government should not be supporting research programs. 
It should. But we feel government funds are best invested in basic research. 

In its own programs, EPA has supported research into power plants that 
have long-range potential—the turbine, the Rankine Cycle, various hybrid en- 
gines, and so on. But (luite properly, it has not tried to dictate the design of a 
new motor vehicle engine to meet the 1975-76 standards. 

We believe EPA is following a sound approach to the problem. And we do not 
tiilnk that its efforts should lie replaced or superseded by « new government 
agency. 

Applied research is Iwst left to the private se<-tor. The consumer will tell us, 
by the choices he makes in n free market, what he wants and what he doesn't 
want. And I cannot think of a more powerful incentive to encourage the auto- 
mobile manufacturers to improve their present engines, or develop new jiower 
plants that are low in emissions, high on fuel economy, and reasonable in cost. 
As EPA said, "There is no special genius that derives from federal spon.sor8hip 
of development effort.s." And as you may recall, EPA warned of the risks of 
substituting federal decision-making for the forces of the marketplace. And it 
recommended against the Automotive Transport and Development Act. We agree 
with EPA. 

And for the same reason that we and EPA do not support this Act, we at 
Chrysler do not support the Motor Vehicle Fuel Economy Act. 

This bill requires that the aggregate or total amount of fuel consumed by 
1&79 model vehicles Ite 25 percent less than fuel consumed by 1973 models, and 
it would have the Secretary reach that objective by setting fuel economy stand- 
ards for all kinds and clas.ses of veliicles. This would completely smother the car 
market. It would have serious adverse consequences that we think its authors 
did not foresee and do not intend. If the bill is interpreted literally, it would 
require severe restrictions on the individual motorists as well as the 
manufacturer. 
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The fact Is that the automobile manufacturers alone cannot achieve the objec- 
tive of this bill simply by improving the fuel economy of each of their vehicles 
by 25 percent—even if that were possible in the time the law allows. Remember, 
the bill as presently written sets a limit on total quantity of fuel consumed by 
all new ears. What that amount will l>e depends on a number of factors that are 
beyond the control of the manufacturers and the Secretary. 

First, compact vehicles generally consume le.ss fuel per mile than standard 
size cars. Thus the total amount of fuel consumed depends not just on the number 
of cars sold, but also on the kind of cars. Obviously, If the percentage of compact 
vehicles Increases, the total fuel economy will improve and vice versa. If we 
hope to control the total amount of fuel consumed, then we will have to control 
both the number of vehicles .sold, and the Itind of cars that are sold. We do not 
think the authors intended that the Department of Transportation should I* 
given total control of the automobile market by rationing the kind of vehicles 
that public can buy, or establishing a quota for the size and weight of vehicles 
that the manufacturers can produce. 

Second, the amount of fuel consumed depends on the number of miles that 
people drive their cars. We don't think the authors intended the Department of 
Tran.sportation to restrict the personal freedom of people by limiting liow many 
miles they can drive each year. And some such restrictions would be necessary 
if we were to effectively reduce the amount of fuel used by 2;") percent. 

Third, the way people drive determines fuel economy. For example, the prac- 
tice of consistently fast starts in city traffic can increase consumption by as much 
as 18 percent. Or consider the freeway driver who doesn't hold a steady speed 
of 60 miles an hour, but lets the speed drift up and down within a range of five 
miles. He can suffer a fuel penalty of as much as nine percent. Some tests at our 
Proving Grounds show that under some conditions a .smaller engine will actually 
burn more gas per mile than a larger engine that is not being pushed to its 
capacity. Contrary to popular opinion engine size alone is not the governing 
factor. 

Fourth, the manufacturers cannot control the way drivers maintain their ve- 
hicles. If the engine timing Is out of adjustment, or If the tires are underlnflated. 
there will be a fuel economy loss. 

Yet all of these factors beyond the manufacturer's control—the numl)er of 
cars people buy, the mix of new cars they buy. the optional accessories they 
choose, the total mileage they drive those cars, and the way the drive and main- 
tain them—must all be carefully controlled If we are to reduce total automotive 
fuel consumption. 

This is not to nay that the public cannot expect better fuel economy. It can. 
Our customers are demanding it. And to the best of our ability, we \vi]\ give them 
what they demand. Right now. they want smaller, more economical vehicles. 
This trend started in the ISMiOs, is growing stronger in the 1970s. For example, 
back in the 10f54 model year, small cars accounted for 25 percent of the market. 
By the end of the 1072 model year, that share had increased to more than 3S per- 
cent. And through May of the 1973 model year, the small car share has been over 
40 percent. With the expected Increase in gasoline i)rices in a free and open 
market, the trend to smaller and more economical cars is sure to continue. 

The fact is that the public's choice in motor vehicles is determined by wliat 
it costs to own and operate a car. In the 1960s the demand for big engines and 
so-called performance cars died almost as quickly as it started wlien rising in- 
surance rates made these cars uneconomical. 

The public is already telling us that they want better fuel economy. There is 
no need for the government to echo wliat we are hearing in the marketplace. 

The fact is that in any year, a year's production of new cars consume less 
than one percent of the country's total energy. So even if fuel consumption of all 
new cars were cut 2.5 percent in 197S. the maxiniUMi possible .savings in that 
year would be only one quarter of one i)ercent of the total energy the country 
will use in that year. And even by 198.';. wlien most cars would meet these stand- 
ards, the savings as far as total energy is concerned wotild still be less than two 
percent of tlie nation's usage. We think the.se n<nnl>ers show that fuel economy 
standards for new cars is not an effective way of reducing the country's energy 
usage. 

However, there are two areas where government action may he desirable 
and even neces.sary. First, rather than trying to control demand for fuel through 
artificial means, we believe government should encourage development of new- 
sources of supply. 
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In the view of economists nnd many others, a major reason for the present 
energy crunch is that tlie country has not been drilling the wells and investing 
in refineries and transiwrt systems at a fast enough rate to keep pace with its 
growing demands because of criticism and opposition of some environmental 
^oups. In addition, controls on tlie price of natural gas at the well head have 
created an artificial demand for gas. held down the price of petroleum, and cut 
Incentive for risk capital. Before trying to solve our problems by Imposing fuel 
economy standards on the auto industry, we believe Congress should carefully 
evaluate some other courses of action, and detennlne the ways to increase our 
present energy supply. 

Second, l)efore imijosing new restrictions on the Industry, government should 
first review the controls it has already placed on us. As I pointed out, many 
safety standards add otherwise unnecessary weight to a vehicle and adversely 
affect emissions and fuel economy. The emissions standards set by the Clean 
Air Act will lead to higher fuel penalties. And so it goes. We are being whipsawed 
by requirements established by the Department of Transportation, the Environ- 
mental Protection Agency, and the Congress. The fuel economy standards, added 
to other requirements already on the books could create unsolvable engineering 
problems. 

We urge you to examine these regulations and resolve the present confiicts 
In the laws that affect our business. Nothing Congress could do would be more 
important or more beneficial to the public. 

We have some serious reservations about the Motor Vehicle Fuel Economy Act 
that I would like to mention briefly. 

First, the bill does not deal with the basic facts of automotive engineering. 
An engine is not designed just for fuel economy, emissions, or any other single 
criterion. We must also take account of many factors—emissions, driveabillty, 
performance, noise, reliability, economy, and so on. 

Whatever we do iu one area often involves trade-offs in the other areas. It 
may be fliat the requirements of the fuel standards and mission standards are 
completely irreconcilable in the time the law allows. 

Second, the bill directs the Secretary of Transportation to consider the economic 
and environmental effects of the fuel economy standards. But even If he finds 
that the fuel economy standard is in direct conflict and irreconcilable with emis- 
sion standards, be is powerless under this bill to modify that standard. One of 
the serious problems with the Clean Air Act is that once the standards were set, 
the Administrator had no authority to change them even though new evidence 
showed they should 1>e changed. Tliat experience shows we should not follow the 
same course witli fuel economy sTtandards. And I might add that the experience 
with the Clean Air Act shows that before we set any standards, we should take 
the time to carefully evaluate the need, and identify the costs and benefits as 
accurately as jxwsible. We do not serve the public interest by going ahead with 
laws that are more restrictive than needed—or which may not even be needed 
at all. 

Third, the test procedures established by the bill require that we test "each 
model of motor vehicle equipi)ed with each and combinations of each type of 
optional accessory" that could effect fuel economy. Tliat includes engines, tires, 
power equipment, transmisj^ions, and .so on. At the present time, Chrysler Corpora- 
tion could hulld some one and one-half million different vehicles just by changing 
the mix of the various options. If we consider only those options that might affect 
fuel performance, we are probably talking about 100,000 or more different vehicles. 
That means 100.000 tests. We l)elieve that the test procedure is impractical. 

Fourth, the bill states that the manufacturer must pay a fee equal to 15 per- 
cent of the retail price of the car if the car meets the fuel economy standard. The 
effect is to penalize a company producing a car that complies with the law. We 
do not believe that this Is a fair or practical approach to the problem. 

You may be sure that we at Clirj-.sler are looking for the same results which 
both bills .seek. We want to give our customers a clean and reliable engine with 
Ifood mileage that is economical to produce. We are constantly working toward 
that end. 

This engine may turn out to tie some form of the present piston engine. It may 
be a gas turbine. It may be an engine we know very little of today. There may well 
IK several kinds of engines being ma.ss-produced for different ajjplications in the 
cars and trucks of tomorrow. We are exploring all the po,ssibilities. And we will 
work out the answer in the give and take of a free market. In view of present 
programs in the public and private sectors, we do not believe either bill is neces- 
sary or in the public interest. 
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Mr. ROGERS. Thank vou very much, Mr. Terry. 
Now. Mr. Edward N. Cole, president of General Motore. 

STATEMENT OF EDWARD N. COLE 

Mr. COLE. Mr. Chairman, members of the Public Health and En- 
vironment Suboommittee. T am Edward N. Cole, president of General 
Motors. 

We appreciate- the opportunity to appear at these important hearings 
to discuss the need for changes in the motor vehicle emission standards 
and deadlines established by the Clean Air Amendments of 1970. In 
the time allotted we will address ourselves in our statement principally 
to the emission standards, and we arc prepared to respond to other 
matters during your question session. 

As you know. Mr. Chairman, a number of issues under consideration 
here today were discussed in our testimony before your subcommittee 
on September 13.1 undei-stand you and your staff also are familiar with 
the testimony we presented to the Senate Public Works Committee on 
November 5. In our prepared statement, therefore, we shall discuss 
only those issues which need to be emphasized. 

Foremost among these is the gain in fuel economy we expect to real- 
ize as a result of our decision to use catalytic converters on most if not 
all of our 197.5 cars and what this fuel economy gain may mean in 
terms of reduced gasoline consiunption. Another major consideration, 
fiom our standpoint, is the need for stability in the standards which 
nuist be. met over the next few critical years pending the resolution 
of questions pertaining to emission standards l>eyond the 1975 model 
year. 

FUEL  ECONOMY 

.Since our previous testimony before this sulx^onnnittee on Septem- 
ber l.S, we have accumulated considerably more fuel economy data. We 
are encouraged that our current data support our earlier findings that 
there would be a fuel economy gain on GM's 197.') products. Those data, 
sales weighted, indicate the gain will be approximately l.T percent over 
1974 GM models on combined GM city and GM highway driving 
schedules. 

CRUDE  OIL  REQUIREMENT 

As we have said before, successful use of catalytic converters de- 
pends on the availability of unleaded fuel. We do not believe that ad- 
ditional crude oil will Ix* required to supply this unleaded fuel for 197.5 
vehicles equipped with catalytic convertere. By the end of the 197.') 
model year, only alx)ut 10 )>ercent of the vehicles on the road would 
require unleaded fuel, even if all 197.5 models are equipped with cata- 
lytic converters. Henc«. there is no need for an immediate massive con- 
vei'sion of refinen' equipment in order to make unleaded gasoline avail- 
able for 1975 models. The production of unleaded fuel would, of course, 
have to be increased year by year as tiie total numl)er of cars with cata- 
lytic converters increases. 

While we do not presume to be experts in gasoline production, we 
understand tliat. on a nationwide basis, up to 50 percent of gasoline 
production could be made unleaded at 91 research octane number, and 
8:^ motor octane number, withotit crude oil utilization penalty. Based 
on current attrition rates, it would be about 10 years before the cars 
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on the road requiring unleaded jiiisoline. would approach 100 percent. 
Kven so, this is based on the assumi>tion all 1!)75 and subsequent year 
cars are equipped with cataljrtic conveiters. 

It was the understanding that unleaded gasoline at 91 research 
octane number can be produced with very little or no crude oil penalty 
which led us, in 1971, to reduce the compression ratio of all GM cars 
to a point where they would of)ei'ate satisfactorily on 91 research 
octane number fuel. We have no plans to increase the compression ratio 
and thus require octane numbers higher than 91. 

In 1970, before our compression ratios were, reduced, regular fuel 
at 93 to 94 research octane number satisfied the octane requirements of 
50 to 60 percent of GM cars and premium fuel at 98 to 100 research 
octane number was required for the remainder of our production. 

As a result of the compression ratio reductions since the 1971 model 
year, the need for premium fuel, primarily for pre-1971 cars still on 
tlie i-oad, will be about 22 percent of the total by the end of the 1974 
model year. It will be. about 19 pereent by the end of the 1975 model 
year, as later model cai-s make up an increased percentage of the car 
population. 

The unleaded base stock for premium, and that is 98 to 100 research 
octane number fuel, ranges generally from 93 to 94 research octane 
number. Thus, as the need for premium fuel decreases, an increasing 
percentage of this premium base stock can be diverted to producing 
unleaded fuel at 91 research octane number. 

10 7.')   INTERIM  STANDARDS 

General Motors has made an all-out effort to meet the 1975 interim 
standards as pronuilgated by EPA. After considerable research into 
various alternative methods of emission control, we determined that 
catalytic converters offered the greatest potential for meeting future 
emission requirements in the time available; and recent further re- 
search and testing has borne this out. As a result, we have concen- 
trated on catalytic converters, along with improvements in carburetion 
and ignition, in our 1975 model development. 

We are confident we can meet the 1975 interim standards, using 
catalytic converters on most, if not all, of our 1975 products. We be- 
lieve those standards will provide the basis for control systems that 
will insure continued decline in the contribution of motor vehicles to 
urban air pollution. At the same time, the use of the GM catalytic 
converter system will make it possible to provide car owners with 
improved fuel economy and driveability, as well as reduced mainte- 
nance costs. 

POST-19 7.1   STANDARDS 

As we have previously informed you, we do not know how to meet 
all the requirements of the 1976 interim standards, and the 1977 sta- 
tutory standards under existing certification regulations. Further- 
more, as we attempt to achieve these lower levels of emissions, 
the expected fuel economy gains for 1975. regretfully, decrease 
significantly. 

On previous occasions we have urged the continuation of emission 
standard levels no more stringent than the 1975 interim California 
standards for the 1976 and 1977 model years. You may recognize, 
however, that the California interim standards would result in a fuel 
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economy penalty, compared with the 1975 interim levels for the rest 
of the country, and the 1975 interim Federal standards, as yon know, 
are 1.5 grams per mile of hydrocarbon, 15 grams per mile carbon 
monoxide, and 3.1 grams per mile of oxides and nitrogen. 

We stronglj' urge consideration of the fuel economy factor in estab- 
lishing emission levels as low as those presently required in 1975 for 
California. 

If it is determined that more strin;.. nt levels are needed for Cali- 
fornia's ambient air quality, this can be achieved, but with a fuel 
economy penalty. 

We believe continuing the 1975 standards for an additional 2 years 
at the 1975 interim Federal level represents the optimimi combina- 
tion of emission control and fuel economy w^ith current technology. 
In view of the expected improvement in fuel economy resulting from 
engine modifications permitted by the use of the catalytic converters, 
billions of gallons of gasoline would be saved during the 3-year period 
from just GM cars alone. 

We want to continue to work with the EPA and Congress to achieve 
the goal we are all seeking: Elimination of the automobile as an ele- 
ment in the Nation's concern over air pollution at the earliest possible 
time. 

We are pleased at this time to respond to any questions you may 
have. 

Mr. ROGERS. Thank you very much, gentlemen, for those statements, 
and Mr. Satterfield, would you like to begin questioning? 

Mr. SATTP:RFiELn. Thank you. Mr. Chairman. 
Mr. Cole. I believe you state that the gain in your vehicles with use 

of a catalytic converter will be 13 jjercent over 1974 GM models? 
Mr. COLE. That is correct. That is on a sales-weighted basis. 
Mr. SATTERFIELD. What do you mean by a sales-weighted basis? 
Mr. COLE. A sales-weighted basis means that it is likely that some 

of our smaller cars will probably have a greater demand than they 
have currently, and we have weighted that into our forecast. The 
change in sales weighting over the sales weighting that we had in 
1974. represents about 3 percent of that gain out of the total of 13. 

Mr. SATTERFIEIJ>. DO you have the figures here today or will you 
furnish them to this committee showing how you arrive at that 13- 
percent figure? 

Mr. COLE. Yes. sir. We have them here today and we will be glad 
to funiish the committee this information. 

Mr. SATTERFIELD. Mr. Chairman, I move that they be accepted into 
the record. 

Mr. ROGERS. Without objection, it will be made a part of the record. 
[The following information was received for the record :] 

SUPPORT   DATA   FOR   13%    GM   FIIEL   ECONOMY   IMPROVEMENT   ON 
1975 MODELS 

Currentl.v, pa-ssenger car drivinR in the United States con.sumes about 29% 
of total petroleum usaife. Although OM'a 1975 emission control system—which 
includes the use of a catalytic converter—was designed and developed primarily 
as a system to control exhaust emi.ssions, it also pprmite an Improvement in fuel 
economy. Ba.sed on the question of how much gasoline GM's 1975 model i>aRsen- 
ger cars will con.snmp, fuel economy data taken from experimental cars made 
up of a projected 1975 model mix compared with data from 1974 model vehicles, 
indicates that: 

In city driving, fuel economy Is approximately 15% better. 
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In highway drivlnR, fuel economy Is more than 10% better. 
While the data which is shown in Figure 1 is from engineering and develop- 

ment test« to date. GM feels they fairly represent the magnitude of the fuel econ- 
omy improvement which can be expected from our 1975 model passenger cars and 
that they support previous GM statements that this gain will be approximately 
13%. 

SUMMARY OF DATA USED IN FUEL ECONOMY CALCULATIONS AND COMPARISONS 

(Data on 197S nwdtis taken from experimental cars to permit estimation of fuel economyl 

Percent of City miles High way miles 
production volume per gallon per gallon 

1975. 1975, 
with witli 

Engine family                                                     1974         1975 1974 converter 1974    converter 

Chevrolet 101         7.50        11.57 23.7 21.8 25.3 24.7 
Chevroletl02         3.35         2.15 14.6 16.7 18.0 17.7 
Chevroletl04        43.65        37.10 10.7 12.0 12.4 13.5 
PontiacZOl         8.75          8.58 12.5 13.2 14.5 15.7 
Pontiac202         5.01          5.42 11.4 12.1 13.7 15.0 
Oldsmobne301         9.18        10.46 11.6 14.5 14.6 15.6 
Oldsmobile 302         5.80          3.76 10.0 12.2 12.8 13.6 
Buick401         6.65          8.82 11.6 13.7 14.4 15.2 
Buick402         5.99          5.98 9.7 12.1 11.6 14.8 
C»dillac501           4.12          6.14 10.7 11.4 12.3 12.8 
Sales weighted average, miles per gallon: 

Using applicable year mix from pt. I information  11. S 13.2 13.6 15.4 

1974 to 1975 fuel economy improvement (percent)         15       10.6 

Mr. S.\'rrERFiEU). Now, I notice you made a statement here—let me 
see if I can find it. Yes, on page 3, at the bottom you said the unleaded 
base stock for premium fuel ranges generally from 93 to 94 RON. 

Are you talking about tlic pool, now ? 
Mr. COLE. I am talking about tlie base fuel, unleaded for premium 

fuel, prior to leading. 
The premium fuel runs in the range, with lead in it, about 98 to 100 

RON, and 3 grams of tetraethyl lead adds approximately seven octane 
numbers to the research octane numbers of the fuel. 

Mr. SATTERhiKiJ). Is it Hot a fact tliat the pool, general pool is about 
8814 octane ? 

Mr. CoLK. It is about 89 today but when we made our determination 
and studied the pool, it was 90.6, and some of this has happened be- 
cause of the reduction in premium fuel requirement because 
there is not the need for the 93, 94 today that we liad at the time 
that we made our determination back in 1970. So there has been 
some depreciation in tlie octane level of tlie pool currently, compared 
to what it was in 1970. 

Mr. SATTEHFIEIJ). You seem to indicate that there would not be any 
I)enalty to goto nonleaded 91 octane gasoline. 

Did you mean to say that ? 
Mr. CoLK. T did. sir, and tiiis is based on a study that we had made by 

Arthur D. Little. We did not feel that we were competent in the gaso- 
line production field, but we felt that ,\i-thur D. Little did have this 
capability, and we will ho. glad to submit to this committee their 
findings indicating that over 50 percent of the fuel could be produced 
as unleaded at 91 RON without an impact or a penalty on crude. 

Mr. SATTERFIKM). Well, T would be interested in knowing your views 
of how vou go from 88V^ to 91 with no lead ? 

Mr. COLE. Well, you are going to depreciate some of the—for ex- 
ample, you arc going to depreciate some of the premium fuel require- 
ment, and those octane numbers can go to raise the small percentage 
of unleaded fuel thnt you need, and  
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Mr. SATTERFIELD. Well, if your pool is 88.;") and you have got to go 
to 91, you have got to add something, liave you not? 

Mr. COLE. NO. 
Mr. SATTEKFIELI). Then you arc going to suffer a fuel loss. 
Mr. COLE. You have already the higher octane numbers available 

because cverj'thing is not pool fuel, and all your-  
Mr. SATTERFIELD. I understand that, but when we are talking about 

881^, we are talking about the average, are we not ? 
Mr. COLE. This is right, biit some of that average is raised by the 

adding of 3 grams of tetraethyl lead to raise it up to 93 and 94. 
Mr. SAm';RFiF.Ln. I understand that, but we are talking about non- 

leaded gasoline. 
Mr. COLE. That is right. 
Mr. SATTERFIELD. How are you going to go to nonleaded gasoline 

without there being a penalty? 
Mr. COLE. They are doing it today, sir. 
Mr. SATTERFIELD. On the whole pool ? 
Mr. COLE. NO. I did not say the whole pool. We do not expect to use 

the whole pool. We are talking about using the  
Mr. SATTERFIELD. You are talking about using the top half of the 

pool. 
Mr. COLE. We ai-c talking about 10 percent of the pool, that is what 

we are talking about, as the maximum need at the end of 1975. 
Mr. SATTERFIELD. What are you going to do with the bottom 10 

percent ? 
Mr. COLE. You ai'e going to sweeten it up with tetraethyl lead. 
Mr. SATTERFIELD. They either put the lead in there or there will be a 

penalty. 
Mr. COLE. There are cars that can use lead—and 90 percent of the 

cars on the road can use the leaded fuel^—there are cars that cannot. 
Those cars will require a catalyst—and not all cars necessarily will 
need a catalytic converter in 1975—cannot use lead. Therefore, we 
have assumed that at most 10 percent, which would mean that all new 
cars in 1975. would have a catalyst. 

Mr. SATTERFIELD. YOU also are taking into consideration that there 
will be lead added into all but the other 10 percent. 

Mr. COLE. Not necessarily, not necessarily. For example, there is one 
well-known petroleum refining industry that is producing 100 octane 
fuel today as a premium fuel with no lead. 

Mr. SATTERFIELD. And I bet they have got a lot of other gasoline 
they cannot use unless they add lead to it. 

Mr. COLE. I do not know about that. 
Mr. SATTERFIELD. Does that not figure into the overall picture when 

we are talking about all the quantity available for the Nation? 
Mr. COLE. I believe we have the A. T>. Little report, and we would 

1 ike to submit it as a part of the record. 
Mr. SATTERFIELD. I would like to see it. 
Mr. COLE. And T think this pretty well explains how they believe 

that better than 50 percent of the fuel can be made unleaded without 
a penalty on the crude stocks. 

Afr. RooERs. Without objection, it will be made a part of the 
record. 

fTestimony resumes on p. 256.] 
[The A. D. Little report referred to follows:] 
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I. SUMMARY AND CONCLUSIONS 

A. INTRODUCTION 

The technical staffs of General Motors Corporation (CM) have devoted 
considerable efforts toward developing satisfactory methods to meet the pro- 
posed 1975/1976 automobile emissions standards. After extensive laboratory and 
engineering investigations, GM has concluded that the most reasonable approach 
for U.S. automobiles to achieve the proposed emissions standards is the use of 
catalytic afterburner devices. Since lead anti-knock additives which are present in 
most of today's motor gasolines act as poisons to the catalytic devices, it is 
necessary to consider the implications of requiring lead-free motor gasolines. The 
new emissions standards could also require significant changes in present motor 
gasoline volatility, especially to traverse the 30 second engine warm-up period. In 
order to meet 1975/76 emissions standards. GM has developed and suggested new 
specifications for motor gasolines which will satisfy the requirements of catalytic 
afterburner devices as well as early engine warm-up standards. In mid-1973 GM 
commissioned Arthur D. Little, Inc. (ADD to conduct an overview study of the 
U.S. refining industry to determine its ability to respond to these proposed new 
revisions in motor gasoline specifications. 

The scope of this study was to simplify the overall U.S. refining industry 
with a computer model "composite" refinery representing the major portion of 
U.S. motor gasoline supply. This simplified model would study the yield and 
associated economic implications of producing several grades and production 
levels of special GM gasolines. Accordingly, our basic ADL refinery simulator 
model was revised to incorporate the GM specifications. We considered two time 
periods in this analysis - 1973 and 1980 operations. Our model simulating 1973 
operations provided the short-term results as restricted by existing refiniery 
capacity limitations while the simulation of the 1980 situation determined the 
long-term operating and investment cost considerations to provide supply. 

B. SUMMARY OF RESULTS 

For current (1973) operations our results concluded that up to 607c of the 
refinery gasoline pool could be supplied as lead-free gasoline at 91/83 RON/MON 
(Research Octane Number/Motor Octane Number) meeting the new, more restric- 
tive volatility requirements with no gasoline yield debit. The increased gasoline 
manufacturing cost that can be attributed to supplying this special grade was less 
than 0.5 CPG. 

OUT results also showed that up to 80% of the total gasoline pool could be 
produced as a lead-free grade meeting present volatiUty standards with no de- 
crease in total gasoline production volume and at essentially no increased manu- 
facturing cost. 

1 
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When gasoline octane specifications (particularly motor number, which was 
the limiting specification in all cases of substantial lead-free gasoline production) 
are increased, there is a rapid loss in production volume and an associated 
exponential increase in manufacturing cost. 

The model results for future (1980) operations were essentially the same as 
for the current environment. At low octane specifications there were no manufac- 
turing problems in maintaining full supply of lead-free gasolines and only nominal 
increases in manufacturing cost. 

Compared with the 1973 cases, future operations which allow inaeased 
processing flexibility produced higher yields of lead-free gasoline at increased 
octane specifications. However, it was still not possible to meet the highest 
standards proposed because it is very difficult to increase clear motor octane 
number with present refining technology. 

The results of this study also indicated that as long as octane specifications 
are maintained at moderate levels, the refining capital investments to produce 
lead-free motor gasohnes are small in comparison with the magnitude of total 
investments needed to supply the industry's 1980 product requirements. For 
example, we estimate that production of 100% of the gasoline pool as lead-free 
91/83 RON/MON product at existing volatilities will require a total refinery 
capital expenditure by 1980 of $17.2 billion versus SI5.0 billion if the present 
gasoline grade structure is maintained, or a net increase of about 1 S7r. 

Most of the 1980 model runs assumed a delivered cost for imported high 
sulfur crude oil of S7/barrel. We also made a series of runs at higher crude prices 
which showed little effect on the differential costs for producing lead-free 
gasolines. 

C. CONCLUSIONS 

The results of this analysis are not substantially different from other studies 
made of this subject. They show that the large, flexible and efficient refineries 
which supply perhaps 90% of VS. motor gasohne manufacture will suffer little 
yield or cost penalties associated with making large volumes of lead-free gasoline 
at the relatively low octane numbers now being proposed by GM. Of course it has 
been pointed out many times that simplified, fully-optimized refinery models will 
simulate operating and blending efficiencies that can not be achieved in the "real" 
world. However, the sophisticated long- and short-range planning functions of the 
major oil companies have evolved to the point where optimum profitability 
programs can be approached, especially when supplemented by product and 
component exchanges between refineries. Accordingly, we believe that the essen- 
tial results of this study (i.e., that a 91/83 RON/MON lead-free gasoline at 
existing volatihties can be produced with minimum yield and economic penalty) 
are valid. 
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It is tecognized that an overview study of this type, in which the entire U.S. 
refining industry is combined into one composite model refinery, will result in 
minimum operating penalties. In order to more closely represent the "real" world, 
it would be necessary to subdivide the total U.S. into logical refining regions 
which could be differentiated by crude supply patterns, product demands/ 
specifications, refinery processing options and associated regional capital and 
operating cost differentials. The results of such a more detailed study would 
pinpoint possible local problems (such as the U.S. West Coast) and would bring 
the overall analysis closer to the "real" world situation. We do not believe, 
however, that the regional analysis would reverse the trends and conclusions 
noted in this overview. 

It should also be noted that the smaller, less efficient refineries operating in 
the United States under special logistic circumstances would suffer a more severe 
economic penalty for converting to low-lead gasolines. In addition, several other 
U.S. refineries producing primarily specialty products such as lubes or asphalts 
would be similarly penalized. Therefore, before "blanket" nationwide standards 
are unilaterally adopted to significantly revise U.S. motor gasoline specifications, 
some recognition should be given of the unique problems that will be experienced 
by these small refiners. 
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II. MODEL DATA INPUT 

A. CURRENT OPERATIONS (1973) 

1. Product Demands/Specifications 

The product demand slate required for our simulation of the composite U.S. 
refining industry in 1973 was developed in the following fashion. We reviewed the 
1972 statistics published in the January, 1973 Mineral Industry Surveys by the 
U.S. Bureau of Mines. Table 1 summarizes the U.S. refinery output for the year 
1972 as presented in the referenced survey. We did not include in this tabulation 
refinery gases and other hydrocarbon streams used in own fuel consumption or 
catalytic cracking coke. These internal refinery streams are not required as data 
input to our simulation model but are developed internally by the model to 
maintain refinery material and energy balances. 

Since the purpose of this project was to simulate the composite of those 
refineries producing the major portion of U.S. motor gasoline, we revised the 
basic Bureau of Mines data to prepare the input to our simulation model. There 
are several U.S. refineries which are operated to produce high yields of asphalt 
and/or lubes and low volumes of motor gasoline. Accordingly, we reflected the 
influence of these on the U.S. average in developing the simulated product 
demands from our composite "high gasoline yield" refinery. 

Naphtha jet fuel (JP-4) normally contains about 30% of kerosene range 
boiling material and hence the kerosene jet fuel yield was increased to account for 
this volume. The naphtha portion of JP-4 was combined with other naphthas for 
such uses as petrochemical manufacture, BTX, solvents, ett*>into one "general" 
naphtha category. We stipulated in the model that this "general" naphtha bfend 
can only be supplied by full boiling range straight-run naphtha from the crude 
unit. Since this total amounts to only about 4.4% of the overall refinery output, it 
was felt that this consolidation was satisfactory. A more rigorous analysis would 
have treated each of the naphtha product categories separately with associated 
specifications and allowable blending components. 

Two products from U.S. refineries are currently supplied primarily from 
sources other than domestic U.S. refining. These are LPG and low-sulfur residual 
fuel oil. Thus we felt it was not ncces.sary that our simulation produce exactly the 
same historical volume yields of these products but instead allow volume elas- 
ticity at prices set by the alternative supply sources. These arc LPG from natural 
gasoline plants (("' 8 CPG) and low-sulfur fuel oil imports from the Caribbean ((<^ 
$4.25/Bbl). However, we did set minimum volume requirements for each of these 
products at approximately 7S% of their historical production levels. 
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TABLE I 

U.S. REFINERY OUTPUT - 1972 

Product MM Bbis 

Gasoline (Includes Aviation) 2,316 51.1 
Jet Fuel - Naphtha rt yj 

- Kenxane ass B.1 
Ethane B 02 
LPG 121 2.7 
Kerosene 79 1.7 
Distillate Fuel Oil (Includes Die»l) 963 21.2 
Residual Fuel Oil 293 6.5 
Petrochemical Feeds (Minus Gam) 109 2.4 
Speoal Naphthas 32 07 
Lubes and Wax 71 IJB 

Coke (Market) 67 1.6 
Asphalt and Road Oil 163 3.6 

Tout Aiaa       IOOJO 

Source  U.S. Bureau of Mines, Mineral Industry Surveys, 
January 1973. 

Table II contains the product demands/speciflcatjons for 1973 operations 
which were used as input into our base case. It can be noted that most of the 
volume units shown for each product (the sum of these volume units outputs 
should be approximately 100) correspond to the actual 1972 outputs in the 
previous table. Since our "model" reflnery makes less asphalt than the U.S. 
industry average, we have increased coke production to reflect the additional 
conversion of residual fractions to gasoline. Our choice of 25.0 volume units of 
premium gasoUne (which results in 49% premium on total gasoline) was based on 
statistics provided in the /97S National Petroltum News Factbook issue. The 
percentage of premium sales for the important metropolitan areas in the U.S. are 
tabulated on page 79 of this publication and when weighted by the number of 
retail outlets for each area results in 47.2%premiuni in 1972, 

2. Crude Oil Supply 

The input to U.S. refineries for 1972 was obtained from the same January, 
1973 Mineral Industry Surveys by the U.S. Bureau of Mines which was used for 
obtaining the refinery output shown in Table I. Table III summarizes the U.S. 
refinery input for the year 1972. Note that the column headed "percent" is based 
on the 4,532 MMBbls of total products as developed in Table I. 
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TABLE II 

PRODUCT DEMANDS/SPECIFICATIONS 
ADL MODEL INPUT - (1973 OPERATION) 

noduct Vdu 

Min. 

ime Units* 

2.0 

Kay SfMcifiGMkim 

LPG 
Premium Gnotira 25.0 RON-Mln. 100. MONUin. 92 

RVP-Max. 10, TEL Max. 3.0 

Regular Gasoline 25.0 RONMin. 94. MONMin. 86 

RVP-Max. 10. TELMax.3.0 

Lead Free Guoline 1.1 RONMin. 92, MONMin. 84 

Naphtha 4.4 
Jet Fuel (Keroiene Range) 5.6 Sulf'Max. 0.1, API Gravity-Max. 46 

Kerosene 1.7 SulfMax. 0.1, API Gravity-Max. 46 

Diesel Fuel 6.0 SulfMax. 0.2 

No. 2 Fuel Oil 18.1 Sulf-Max. 0.2 

Low Sulfur Fuel Oil Min. 4.0 Sulf-Max. O.S 

High Sulfur Fuel Oil \J0 
Lube Base Stocks 1.3 
Asphalt 2.6 
Petroleum Coke 1.7 

Min. 96.4 

*To give approximately 100.0 total output 

TABLE III 

U.S. REFINERY INPUT -1972 

Material MMBbI %• 

Domestic Crude 3.474 76.7 
Foreign Crude 807 17.8 
Unfinished Oils 52 1.1 
LPG (Butanes) 85 1.9 
Natural Gasoline 164 3.6 
Plant Condensates 53 1.2 
Other 10 0.2 

Totil 4.645 102.5 

'Basis: 4.S32 MMBbIs Products shown in Table I. 

Source:   U.S. Bureau of Mines, Mineral Industry 
Surveys, January 1973. 
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NPRA Special Report Number 3 entitled U.S. Domestic Petroleum Refining 
Industry's Capability to Process Sweet/Sour Crude Oil indicates that about 
two-thirds of U.S. domestic crude should be classified as sweet. The same 
publication indicates that about half of imported crude to the U.S. is sweet. 

The refinery raw materials supply which we developed for our 1973 refinery 
model input is shown in Table IV. Note that the incremental crude oil used to 
balance the product slate was imported sour crude @ $3.7S/Bbl. The availability 
of purchased natural gas was based on the latest historical information available 
which was for the year 1971 (Final Summary) published by the U.S. Bureau of 
Mines on December 20, 1972. 

TABLE IV 

REFINERY RAW MATERIAL SUPPLY 
AOL MODEL INPUT - (1973 OPERATION) 

Mattrid Vohima Units* Price - $/BBL 

Domestic Sweet Crude Oil 45.0 
Domestic Sour Crude Oil 30.0 
Imported Sweet Crude Oil 12.0   
Imported Sour Crude Oil To Balance 3.75 
Natural Gasoline 3.5 
Normal Butane max.   1.0 3.36 
Isobutane max.   1.0 3.78 
Purchased Gas (F. 0. E.) max.   3.5 30«MSCF 

* To give approximatety 100.0 Total Output as defined in Table II. 

For our overall average of U.S. refining runs the following crude oils were 
used to simulate the four basic categories: domestic sweet - Louisiana, domestic 
sour - West Texas, imported sweet - mixed Nigerian, imported sour - Arabian 
Light. The composite of these crudes in the proportions made available very 
closely approximates the average sulfur content and gravity of U.S. crudes 
charged to refineries as indicated in Table V. We allowed our model refinery to 
reduce purchases of normal butane, isobutane and natural gas, if profitable, at the 
price levels indicated in Table IV. 

B. FUTURE OPERATIONS (1980) 

1. Product Demands/Specifications 

Since oil is only one of the major fuels consumed in the U.S., it is necessary 
to first determine what role oil will play in the total energy balance in 1980. To 
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TABLE V 

CRUDE QUALITIES - AOL REFINERY SIMULATION 1973 

CriHtoTyiw %Voluim Grwity- "API Sulfur - % w 

Louisiana 46 38.2 02 
W«t Texas 30 33.2 1.7 
Mixed Nigerian 12 29.6 <U 
Arabian Light 13 34.5 1.7 
Average of Above 34.1 a? 
1971U.S. Average 

Production* 33.B 9.f 

' Derived from data given in "Giant Fields" section of the IntermtiontI 
Petroleum Encyclopedia. 

do this we divided the U.S. energy market into five primary energy consuming 
markets: residential/commercial, transportation, utilities, industry, and miscel- 
laneous. For our base year (1972) we then determined the Btu's of energy and the 
primary form (coal, oil, natural gas. hydro-nuclear) each consuming market used. 
Applying the same growth rates assumed in the National Petroleum Council's 
"Initial Appraisal"' and in its intermediate demand case in the "U.S. Energy 
CXitlook,"' we projected the total Btu's which would be required in 1980 by each 
consuming sector. Having forecasted the total number of Btu's required by each 
consuming sector, we then estimated the percentage share of the total Btu's in 
each sector which would be fulfilled by oil. 

We actually determined a range of oil demands by examining the impact of 
three scenarios on the total demand for oil. Each of the three cases makes 
assumptions about the position which oil will hold in each market relative to oil's 
1972 share. For example. In one case, which was designed to simulate a situation 
of maximum oil demand, oil was assumed to hold its 1972 position and absorb all 
of the growth in the residential/commercial, transportation and industrial mar- 
kets. In the utility market, oil was presumed to not only maintain its share and 
assume all growth, but was assigned to replace all natural gas currently consumed 
by that sector. The other two scenarios explored a maximum nuclear case (in 
which oil growth is, therefore, minimal) and a moderate course In which oil 
participates In growth in energy demand in proportion to its 1972 market shares. 

1. National  Petroleum Council.  "U.S.  Energy Outlook: An Initial Appraisal 1971-1985,' 
November 1971. 

2. National Petroleum Council, "U.S. Energy Outlook," December 1S72. 
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The product demand input to our ADL refinery model for 1980 base case 
operations is shown in Table VI. All product demands were Tixed except LPG 
(which was allowed to sell above a minimum production level at $8.00 per barrel 
refinery netback) and low-sulfur residual fuel oil (which was allowed to produce 
up to a maximum of 15% volume at $9.00 per barrel). The residual fuel oil has a 
heating value approximately double that of LPG so there is a substantial "form" 
value premium for the LPG. 

We considered two basic scenarios for grade distribution of the total gasoline 
pool in the base case. Scenario I assumed that there would not be widespread 
conversion to automotive engines equipped with catalytic afterburners requiring 
lead-free gasoline and that the present gasoline grade distribution would change 
only slightly to 47% premium gasoline and 6% lead free. Scenario II assumed that 
a major shift to a lead-free 92 octane gasoline would occur for 1975 and later 
models and that by 1980 the base case overall gasoline output would consist of 
3% premium and 41% lead-free 92 RON. 

This specification (92 RON) was chosen to represent the low lead grades 
currently being supplied and should not be considered a format recommendation 
byGM. 

We anticipate a reduction in petroleum coke production concurrent with the 
increased profitability for producing low-sulfur oil. 

TABLE VI 

PRODUCT DEMANDS 
ADL MODEL INPUT - (1980OPERATIONI 

Prtxhict \/6luiiw Units* 

LPG Min.    2.5 

Gasoline 49.1 

Naphtha in 
Jet Fuel (Kerosanc Range) li 
Kerosene 2.6 

Diesel Fuel 5.0 

No. 2 Fuel Oil 20.0 

Low-Sulfur Fuel Oil Max. 15.0 

High-Sulfur Fuel Oil »J> 
Lube Base Stocks U 
Asphalt 2.6 
Petroleum Coke 1.2 

'To give approximately 100.0 Total Output. 



213 

Z Crude Oil Supply 

The refinery raw material supply which we developed for our 1980 refinery 
model input is shown in Table VII. We assumed that the domestic crude oil total 
would approximate 50% of the crude slate, of which 60% was sweet. Again, 
imported sour crude oil was the incremental crude supply and in 1980 it was 
assumed to cost S7.00 per barrel, delivered. Although this may superficially 
appear low, this is a high-sulfur, poor quality crude oil and other crude oils which 
are valued in parity with this reference crude had much higher values (and 
presumed prices) calculated by the 1980 base case. The domestic sour crude oil 
(West Texas) was valued at S7.2S a barrel, the domestic sweet crude oil (Louis- 
iana) was valued at $8.30 a barrel and the imported sweet crude oil (Nigerian 
mixed) was valued at $8.35 a barrel. However, to test the sensitivity of lead-free 
gasoline economics to crude price, we made some runs at higher crude prices ($10 
a barrel for delivered Arabian light). ) 

TABLE VII 

REFINERY RAW MATERIAL SUPPLY 
ADL MODEL INPUT - 11980 OPERATION) 

Mitvid Volume Units 

30.0 

Price - S/BbI 

Domestic Sweet Crude Oil 
Domestic Sour Crude Oil 20.0 
Imported Sweet Crude Oil 10.0 
Imported Sour Crude Oil To balance 7.00 
Natural Gasoline 2.0 
Normal Butane Max.   1.0 8.00 
1 so butane Max.   1.0 850 

We anticipated that normal and isobutane purchase prices would be con- 
sistent with the refinery netback price for LPG (mostly propane) and reflect 
market premiums for these products due to decreased availability of natural gas 
liquids. Thus, we allowed our 1980 refinery to purchase normal butane and 
isobutane at prices of $8.00 per barrel and $8.50 per barrel respectively. Propane 
(@ $8.00 per barrel) has a lower heating value than either normal butane or 
isobutane. We assumed that the availability of natural gasoline would decrease 
from 3.5% volume to 2% volume and that purchased natural gas would no longer 
be available for refinery use. 

10 
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ill. MODEL RESULTS 

A. CURRENT OPERATIONS (1973) 

1. Base Case 

The optimized refinery material balance for the base case is shown in 
Table VIII. It can be seen that the model did not find it economically attractive 
to process as much incremental crude oil (imported sour at $3.75 per barrel) and 
make as much LPG (at 8 CPG) and low-sulfur residual fuel oil (at S4.2S per 
barrel) as the 1972 actuals. 

TABLE VIII 

REFINERY MATERIAL BALANCE 
1973 BASE CASE 

VOLUME % 

biMes 1973 

Domestic Sweet Crude Oil 46.42 
Doinenic Sour Crude Oil 30.94 
Imported Sweet Crude Oil 12J8 
Imported Sour Crude Oil 5£4 
Natural Gasoline 3.61 
Normal Butane 1.03 
liobutane 1.03 
Purchased Gas (F.0.E.1 3.61 

turn 104£6 

Outturn 1973 

LPG 2.06 
Premium Gasoline 25.79 
Regular Gasoline 2679 
Lead Free Gasoline 1.13 
Naphtha 4.54 
Jet Fuel 5.78 
Kerosene 1.75 
Diesel Fuel 5.16 
No, 2 Fuel Oil 16.60 
Low-Sulfur Fuel Oil 4.70 
High Sulfur Fuel Oil 1.03 
Lube Base Stocks 1.34 

Asphalt 2.58 
Petroleum Coke 175 

Total 100.00 

11 



215 

A simplified refinery flow diagram of the processing sequence selected for 
the base case is given in Figure I. A detailed description of the model operation 
and the development of technical reHning data used as input for these runs is 
given in the appendix to this report. Of special interest is the variation of feed 
capacity limitations for conversion units, such as catalytic cracking and reforming, 
as a function of processing severity. For example, if it is desired to increase the 
catalytic cracker conversion from 65 to 85% on an existing unit at feed capacity, 
it is necessary to reduce intake by 5%. 

Table IX provides a comparison between the processing unit intakes selected 
by the model for the 1973 base case operation and the individual unit capacity 
limits reported in the April 2, 1973 Oil and Gas Journal. Our optimized com- 
posite refinery checked fairly well against existing unit limitations. There are 
some refineries which charge atmospheric crude distillation column bottoms 
directly to thermal operations instead of via vacuum distillation. This is one 
reason why our vacuum distillation intake is slightly higher and thermal intake 
lower than industry capacity. The catalytic reforming intake required by the 
model was lower than industry capacity available, reflecting the more efTicient 
octane improvement inherent in a completely optimized system. It also reflects 
the simplification of treating BTX manufacture only as a debit from the general 
naphtha pool and thus not requiring reforming capacity to produce. We estimate 
that including BTX with reformate production would add 2 to 3% to reformer 
intake. Since we are examining delta yield and economic effects from an opti- 
mized base case, the deviation caused by this simplification is not significant. 

TABLE IX 

1973 BASE CASE REFINING SIMULATION 
U.S. PROCESSING CAPACITY 

Unit capidty Modal Raailt 

Crud* Distillation 100:0 100.0 
Vacuum Distillation 36.8 39.7 
Catalytic Reforming 26.6 1&6 
Catalytic Orackins 32.2 30.6 
Hydrocracking 6.2 M 
Alkylation 5.8 U 
Thermal Operations 10.3 5.1 

'Bata Oil and GiS Journal -April 2,1973. 
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2. Parametric Runs 

The processing unit capacities calculated as required for the optimized base 
case reflnery were then submitted as data input to limit maximum processing unit 
intake availabilities for all subsequent 1973 runs. We then systematically increased 
the yield and octanes of lead-free gasolines both with the new proposed volatiUty 
q>ecifications and with existing volatilities. The proposed new GM volatility 
q>eciflcations are: 

10%evaporated,'F 140 ±10 
50% evaporated, * F 200 ± 10 
90% evaporated, ° F 300 ± 10 
endpoint, ° F 36S maximum 
Reid vapor pressure 8-9 

The first set of parametric runs consisted of increasing volume yields of a 
91/83 RON/MON unleaded gasoline at the proposed new GM volatilities. The 
gasoline yield penalty associated with producing this grade of gasoline is presented 
in Figure 2. It can be seen that up to 60% of the total gasoline pool can be 
produced as a lead-free 91/83 RON/MON new volatility product with no yield 
debit in our simulated rermery. Processing unit intakes were limited to base case 
availability (with appropriate capacity adjustments made for changes in operating 
severity). When the entire refinery gasoline pool is produced as a lead-free GM 
grade, gasoline output was reduced to 90% of the base case level. If, however, the 
gasoline is allowed to meet existing volatility specifications, then up to 80% of the 
pool can be produced as lead-free grade with no yield penalty. When the pool was 
increased to 100% lead-free, nearly 99% of base case gasoline production can be 
maintained. 

Rgure 3 provides a simplified flow diagram of the case producing 100% of 
the gasoline pool as a lead-free grade, but at existing volatility specifications. It 
should be noted that this case produced 99% volume of the total base case 
gasoline. The key processing differences were an increase in reforming severity to 
97 clear RON from 91 (at a reduction ii\ feed rate from 17.1 to 16.7 MB/CD) and 
an increase in catalytic cracker conversion from 78 to 85% (at a reduction in feed 
rate from 27.4 to 26.9 MB/CD). 

Figure 4 provides the economics associated with the parametric case of 
increasing lead-free gasoline yield at 91/83 RON/MON. The base case operation 
indicated that a 13.8 CPG composite refinery gasoline netback was required to 
cover all raw material costs, refinery operating expenses, and a 20% before-tax 
return on capital investment, less by-product credits. For all parametric cases the 
individual unit raw material costs and by-product credit price levels were kept 
constant, including the balance of the conventional motor gasoline pool. All 
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FIGURE 4      1973 OPERATIONS-GM GASOLINE COST VERSUS 
PERCENT GM GASOLINE 
<New Volatilities - RON-91/MON-83) 
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credits or debits due to changes in refinery purchased raw materials, reflnery 
capital and operating costs, and by-product production levels were reflected (n the 
value of the new GM gasoline grade. 

It should be noted that the initial production volume of lead-free gasoline 
can be produced at less cost than the balance of the conventional refinery pool. 
This is because of the wide variations in octane/lead susceptibility among the 
various gasoline blending components. The optimization of refinery reforming 
operations/lead additions is determined using the average susceptibility of each 
product grade. When it is desired to make a small percentage of the pool as a 
separate lead-free grade and use those components least susceptible to lead 
additions in this grade, there is an economic benefit. However as expected, when 
the percentage of lead-free grade increases to about 40%, there is an economic 
debit associated with producing this product. The slight decrease in gasoline cost 
between the 80 and 100% levels reflects the reduction in gasoline yield due to 
processing unit bottlenecks rather than a discontinuity in fundamental supply 
economics. 

We have also shown in Figure 4 the cost for producing 100% unleaded 
gasoline at existing volatilities, which is essentially the same as the base case cost. 
The increased refinery processing required to raise the pool clear motor octane 
number from the base case level of 81.6 to 83 is essentially offset by eliminating 
the lead additive costs. 

The c()nclusions from this set of parametric runs should not be surprising 
since similar studies have indicated that there are no severe economic or yield 
penalties associated with producing lead-free gasolines of about the 91/83 RON/ 
MON level. 

Another significant point is that the base case leaded gasolines each had 
about an 8 octane sensitivity (i.e., RON minus MON). However, when lead is 
removed from the refinery pool, motor octanes decrease faster than research and 
thus become the limiting specification. For example, in catalytic reforming, 
increasing severity to raise clear research octane number 12.0 units will increase 
clear motor octane number only 7.9 units. Thus, in order to meet the 83 MON at 
100% GM gasoline and the new volatilities, a research octane number of 92.7 (or a 

" giveaway" of about 1.7 research octane units) was required. This phenomenon 
continued throughout the remainder of the 1973 and 1980 runs. 

In the next set of parametric runs, 30% of the total gasoline pool was 
produced as lead-free grades, again at both new and existing volatilities. It was felt 
that this 30% case was an important scenario to examine in that if new standards 
are imposed on the U.S. refining industry, it will take about three years before 
major additions ^o processing units can be made. Thus up to 30% of the pool 
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could be required as the new grades from reflneries which are still limited by 
existing processing capability. For these runs we successively increased octane 
numbers from 91/83 RON/MON to 99/91 for the unleaded grades. Figure 5 
indicates the yield reduction penalty for producing the GM grades as motor 
octane number is increased. It can be seen that up to 8S clear octane number can 
be produced at the new volatilities with no yield penalty, while up to 87 octane 
can be produced at existing volatilities with no yield debit. Figure 6 is essentially 
the same as Figure S except that the entire yield reductions are reflected on the 
lead-free GM grade rather than the total gasoline pool and thus the magnitudes 
are more severe. 

Figure 7 indicates the gasoline costs for producing the new unleaded grades 
at the higher motor octane numbers. As expected, there are significant increases 
in gasoline costs with the higher motor octane numbers. 

The last set of parametric runs for 1973 operations was at 100% unleaded 
gasoline production at increasing motor octane number. Figure 8 shows the yield 
decline as octane number is inaeased. For the existing volatility cases, the model 
could make up to 86 clear motor octane number before becoming infeasible. At 
the new volatilities, 83 was the maximum clear motor octane number possible. 
Figure 9 presents the economics for these runs. Increasing clear motor octane 
number from 83 to 86 at existing volatilities will cost about 2 CPG in the 1973 
base case reflnery. 

Figure 10 shows the simplified refinery processing sequence for producing 
30% unleaded gasoline at the new proposed GM volatilities and 97/89 RON/MON. 
The major differences from the 1973 base case are increases in reformer severity 
from 91 to 96 and catalytic cracker conversion from 78 to 85. To make 30% of 
the pool at 365° F max. endpoint (E.P.), the following steps were taken. Re- 
former feed E.P. was lowered from 375 to 340° F to produce a low EJ*. 
reformate blend stock for the GM grade. Both straight-run and heavy hydro- 
cracked feed stocks were adjusted. A portion of the full range catalytic cracked 
gasoline was "re-run" to produce a low E.P. blend component. 

B. FUTURE OPERATIONS (1980) 

1. Base Case 

The initial base case run for 1980 adopted Scenario I described in the 
product demand section (i.e., assuming the continuation of present grade mix of 
premium and lead-free gasoline within the gasoline pool). For this case the model 
calculated a composite gasoline nctback of 25.26 CPG required to cover raw 
material costs, refinery operating expenses and capital recovery, less by-product 
credits. 

19 
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The alternative base case as described in Scenario II in the product demand 
section (ix., the gasoline pool in 1980 will require essentially no premium 
gasoline and a high volume of lead-free product) resulted in a composite gasoline 
manufacturing cost of 25.00 CPG or a reduction of only 0.26 CPG from the other 
alternative. Since this scenario essentially replaced a leaded 100/92 product with 
an unleaded 92/84 grade, there was little change in refinery processing. The 
primary reason for the reduced manufacturing cost of the composite pool viras due 
to the large reduction in purchased lead. 

Table X presents the refinery material balance for the 1980 base case under 
the first scenario. It can be seen that the model found it attractive to produce a 
higher volume of marginal LPG than the minimum specified, and also to make the 
maximum allowable volume of low-sulfur residual fuel oil. A simplified refinery 
flow diagram for this base case is shown in Figure 11. There is a reduction in 
catalytic cracker intake and conversion versus the 1973 case, but increases in 
catalytic reforming intake and severity and hydrocracking operations. The higher 
concentration of sour crudes caused increased distillate desulfurization as well as 
the introduction of catalytic cracker feed and residual fuel oil desulfurization. 

2. Parametric Runs 

The first set of parametric runs was made by systematically increasing 
production of a 91/83 RON/MON lead-free gasoUne at both the new and existing 
volatilities. Allowing flexibiUty to incorporate new refinery processing equipment, 
it was possible to maintain 100% of the base case gasoline production at these 
moderate octane levels for all cases. Figure 12 shows the increased manufacturing 
cost associated with producing an increasing percentage of lead-free gasoline. As 
in the 1973 runs, it is possible to manufacture essentially 100% lead-free gasoline 
at low octanes with no significant increase in cost. Again it should be noted that 
the motor octane number was the limiting product specification at the high 
percentage of lead-free supply. For example, in the 100% lead-free gasoUne case 
with new volatilities, the research octane number was 93.6, or a "giveaway" of 
2.6 octane units. 

Figure 13 shows a simplified refinery flow diagram for producing 100% GM 
gasoline at 91/83 RON/MON and existing volatility. This case produced exactly 
the same volume of motor gasoline as the 1980 base case but required an 
additional 1.2 unit volumes of crude oil. However, there was an offsetting 
increased production of 1.4 volume units of LPG (the only product outturn 
allowed to vary). Although the lead-free gasoline consumed more crude oil, an 
offsetting credit must be given for the increased supply of LPG which carries a 
premium form value in the marketplace. The significant changes in refinery 
processing sequence from the base case include a substantial increase in catalytic 
reforming feed from 22.6 to 27.0 MB/CD and an increase in severity from 95 to 

26 
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TABLE X 

REFINERY MATERIAL BALANCES 
1980 BASE CASE 

VOLUMES 

Intakes 

Domestic Sweet Crude Oil 26.97 
Domestic Sour Crude Oil 1738 
Imported Sweet Crude Oil 639 
Imported Sour Crude Oil 49.14 
Natural Gasoline 1^ 
Normal Butane _ 
Isobutane _ 
Purchased Gas (F.O.E.) 

Total 104.88 

Outturn tggg 

LPG 2.72 
(Vemium Gasoline 20.68 
Regular Gasoline 20.88 
Lead Free Gasoline 2.7V 
Naphtha jjO 
Jet Fuel aj4 
Kerosene 234 
Diesel Fuel 4.50 
No. 2 Fuel Oil I7B7 
Low Sulfur Fuel Oil 1348 
High Sulfur Fuel Oil JBO 
Lube Base Stocks ]J7 
Asphalt 23S 
Petroleum Coke 1.08 

Total 100.00 
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Figure 16 diowt the incieased GM gasofaie manufacturing costs with incieas- 
ing motor octane number ^ 50^ GM gamliiir production. An increase of 8 motor 
octane* (from 83 to 91) results m ai maease of neatly 7 CTG in manufacturing 
ooctt with existing miatility qierifirations. 

Figire 17 is amilar to Figure 16 and shows the increased GM gasoline 
manufacturing costs for new vobtilities under the 1980 Scenario II base case. The 
50% of the lotal gasoline pool treated as conventional grade structure contained 
only 3% premium and 419r 92/84 lead-free. The results of this series of runs 
CMentially dupbcated those starting from the Scenario I base case. 

The next set of parametric runs was at 1009^ GM gasoline production at 
increasing motor octane number. In this series of runs the change from feasible to 
infcasible operation as a function of motor octane number was so rapid that the 
gasoline yield declined from 100^ to 09c within an increase of only one whole 
motor octane unit. Thus, all the points shown in Figure 18 (which plots increased 
manufacturing costs versus motor octane number), maintained 100^ yield of the 
base case. Again the rapid increase in manufacturing costs associated with higher 
motor octane numbers is readily apparent. 

To test the sensitivity of our results to even greater increases in purchased 
crude prices, we made a set of runs at SIO/BbI delivered cost for imported sour 
crude oil. The new 1980 base case (under Scenario I) calculated an increase in 
composite gasoline cost from 25.26 CPG to 35.50. Figure 19 shows the increased 
gasoline costs versus motor octane number and displays a similar (though slightly 
steeper) slope than thai shown in Figure 18. 
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3. Capital Investments 

The output from the optimized 1980 nins provided the rerming capital 
investments required to achieve the increased product demands as well as associ- 
ated product manufacturing specincations. These results are presented in 
Table Xi. The base case for Scenario I (that is, continuing present motor gasoline 
grade structure) would require a refinery capital investment of SIS billion to 
achieve the increased product demand requirements by 1980. The alternative 
capital requirements shown in Table XI represent investments which would be 
required to achieve different volume levels and product specifications for un- 
leaded gasoline production. The most severe case (i.e., making IOO%GM gasoline 
at 94/86 RON/MON and existing volatihties) would require $19.3 billion rather 
than the SIS billion for the base case, or a net increase of $4.3 billion of capital 
investment. Thus, it appears that the huge refining capital investments that will be 
required by 1980 to expand supply of total products are not particularly sensitive 
to the percentage requirements for lead-free gasolines as long as the octane levels 
are moderate. 

Although the capital requirements to produce 100% GM at 91/83 with new 
volatihties are less than with existing (16.2 versus 17.2), it must be remembered 
that the model optimizes the composite of raw material, operating and capital 
costs. Figure 12 illustrates that the resultant gasoline cost is more than I CPG 
higher for the new volatilities. 

The 1980 base case for Scenario II (i.e., a significant change in engine design 
by 197S such that essentially no premium gasoline and a large percentage of 
lead-free, low octane gasoline is required for 1980) results in essentially the same 
refinery capital expenditure for 1980 as the alternative scenario. The reduced 
manufacturing cost for this case (25.0 CPG versus 25.26) is due to reduced raw 
material requirements and operating expenses rather than a reduction in refining 
capital. 

TABLE XI 

NEW REFINING INVESTMENT REQUIRED 
1973-^1980 PERIOD 

S BILLION 

BASE CASE (EXISTING GASOLINE SPECS) - SI&O BILLION 

GMOcWne Exirting Volatil'rtnt Naw Votatilititi 

RON/MON 50% GM      100% GM 50% GM      100% GM 

91/83 15.2 17.2 15.8 16.2 
92/84 - - 16.9 
93/85 15.9 19.0 16.5 
94/86 - 19.3 - 
95/87 16.9 17.3 
97/89 18.2 
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APPENDIX 

ARTHUR D. LITTLE REFINERY SIMULATION MODEL 

A. MODEL DESCRIPTION 

Over the past xveral years, Arthur D. Little has developed large-scale 
computer models for simulating the major world rerining centers. In such models 
a specified product demand pattern is met by a specified crude slate in an 
optimized refinery operation. An analysis of model outputs offers valuable insight 
into crude and reflned product values with respect to the stated cost of a 
reference crude oil. In effect, the model continuously answers the questions: 
"What will it cost to produce an additional barrel of Product X?" and "What 
would an additional barrel of crude oil Y be worth relative to the reference crude 
oil and the other crude oils in the crude oil slate?" 

A simplified refinery flow sheet shown in Figure 1 represents one of the 
models. This particular one is of the U.S. East Coast, but other models are similar. 
Each crude is allowed to select its own optimum processing scheme by the model 
simulating "blocked-out" operation. For example, the processing scheme chosen 
for Brega is most likely quite different from that selected for Tla Juana. The 
intermediate streams from each process unit can either be further processed or 
allocated to final product blending. 

The main blocks of the refinery processing scheme can be broken down into: 
(a) naphtha, (b) gas oil. and (c) residual. The full-range (C5 - 400° F) untreated 
naphtha can be sold directly. Otherwise, the naphtha is split into several fractions 
for blending or further processing. The light (175-250) and heavy (250-400) 
naphthas can each be hydrotreated. Each hydrotreated naphtha can be routed to 
a catalytic reformer with the option of running at three different octane severi- 
ties. The model chooses the optimum severity or it can bypass some naphtha into 
finished product blending. 

The gas oil processing scheme is less complex than the naphtha. The 
full-range 400-650° F fraction can be split into a kerosene fraction and heavy 
gas-oil fraction, and each stream can be subsequently hydrotreated. 

The residual fraction (atmospheric bottoms) can be directly blended to 
residual fuel oil or desulfurized before blending if from a sour crude origin. It can 
also be fed to a vacuum distillation unit; the vacuum overhead stream can then be 
hydrotreated for fuel-oil blending or fed to a catalytic cracker for conversion into 
lighter products. The model is allowed the option of choosing between two 
catalytic cracking conversion levels or two grades of vacuum gas oil feed. The 
propylene-butylenes from catalytic cracking can be fed to an alkylation unit or to 
a polymerization unit to make gasoline blending stocks. Vacuum bottoms can be 
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routed to a ooker to reduce Ae productkn of fad od and to prodooe some ligiiter 
products and coke. The coker naphtha can be hydiotiealed aad the heavy 
fraction refonned. The coker gs oil can abo be bytbotieaied and the hea^ 
fraction cracked. 

Additional procesaes in the model not shown on ths lefiDery fk>w sheet 
indude a hydrogen plant (If the votome of hydrogen required for treating 
exceeds that suppbed from catalytic reforming then hydrogen must be manufac- 
tured either from refinery gas, naphtha and/or residual fnctioas). The refinery is 
usually required to generate its own steam and power, although these can be 
variable options. A sulfur plant is provided which converts hydrogen sulfide into 
eleniental sulfur. 

ADL has accumulated industry data for each processing unit for each crude 
oil. This includes yields and key properties of the products from that particular 
prooem, capital costs, and operating costs divided into the foOowing seven 
categories: refinery fuel consumption, steam, water, electric power, catalysts and 
chemicals, operating labor, and maintenance. The capital and operating costs for 
each refinery process unit are based on modem units of the size consistent with 
100 Mfi/D crude distillation capacity. 

The costs of offsites for crude handling and product blending and storage is 
included and varies with crude distillation capacity. An internal refinery fuel 
balance is maintained (including fuel needed for steam generation, power genera- 
tion, etc.) with a maximum sulfur content qwdfication. 

B. ECONOMIC BASIS 

The data supplied to the model for the computer runs consist of: 

1. Product demands and specifications; 

2. Crude supply; and 

3. Refmery processing options for each crude. 

Product demands are usually fixed volumes which must be met. However, we 
occasionally allow a particular product volume to optimize at a specified net- 
back, sometimes limiting minimum or maximum levels. 

The basic assumption underlying our use of fixed product demands is that 
the total market for petroleum products in a refining center is relatively inelastic 
to changes in product prices. This is most true for products such as gasoline and 
jet fuel which have no competitive supply source. Heating oil and residual fuel 
have had inter-fuci competition from natural gas and coal in the past. One result 
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of this is that residual fuel has been sold below its investment cost value. If we 
expect this condition to continue, we can remove the fixed volume restriction 
from residual fuel oil and allow it to seek its own optimum production level at an 
inter-fuel competitive price structure. 

In a rouiti crude system, crude slate is usually specified as a fixed supply for 
all crudes except a reference crude which must be allowed to vary in order to 
meet a fixed product slate because it is not known in advance the exact volume of 
crude oil that will be required due to gains/losses from refinery processes and own 
fuel consumption. The volume of the reference crude consumed will vary some- 
what from nm to run. A delivered price is assigned to this reference crude, and all 
other crude and product values are determined relative to the reference crude oil 
price chosen. 

For each refmery process in the model, the capital cost is supplied plus 
several categories of operating costs. The capital cost is converted to a daily cost 
basis via a capital recovery factor which is usually 20% per year. The capital 
charge provides for depreciation, income tax, property tax and insurance, and 
profit. 

The linear programming code will optimize the refmery processing scheme at 
minimum cost to meet the required product demands and product specifications 
from the crude slate provided. It is assumed that complete interchange of 
intermediate streams from all crudes is possible. Also, for product specifications 
that are binding, the products are always blended exactly on specification and no 
quality is given away. Of course, in the real world, there are inefficiencies in 
processing and blending. Thus, the conversion and treating unit intakes deter- 
mined by the model, represent bare minimums and in the actual refineries some 
excess capacity will be required. 

The most useful outputs from the linear programming runs are the optimum 
refmed process schemes chosen for each crude oil and the shadow prices for the 
refined products and crude oils. These shadow prices indicate the internal refinery 
values for each respective product and each crude oil and indicate the minimum 
long-term selling price that a particular product requires in order to justify capital 
expenditures for its manufacture or the maximum long-term purchase price for 
each crude oil. The product values (sometimes called investment cost values) are 
often used by major oil companies as transfer values when transferring products 
from refining to marketing divisions and also from refinery to petrochemical 
divisions. 
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The relative crude values simulate the internal crude oil values assigned by 
large, integrated oil companies which have the flexibility to reallocate crudes 
among various refineries to optimize its operations in a large geographic region. 

In parametric evaluations, we systematically vary certain key uncertainties in 
our input data (such as product demand levels, specifications, operating costs, 
crude supply patterns, etc.) to test the flexibility of model outputs to these 
changes. A parametric evaluation consists of an alternate unique UP solution for 
each variation in input data. We can thus evaluate on a quantitative basis the 
extent to which a variation in a particular input forecast will affect the conclu- 
sions, in particular relative product prices and crude values. 

It is important to emphasize that the crude and product values generated by 
the refinery simulation model are costs and not prices. Market constraints can and 
do limit the extent to which a refiner can recover the costs allocated to each 
product in the model. However, the model does show when additional costs are 
incurred in making more of a particular product. It indicates a lower market value 
for hig^-sulfur crude oils and a higher market value for low-sulfur crude oils as the 
demand for low-sulfur products increases. The crude oil values are not prices but 
replacement values; that is, the value at which a refiner would replace a barrel of 
the reference crude with the barrel of another crude oil. A high replacement value 
for a given crude oil means that the refiner can reduce refining costs by substitut- 
ing this crude oil for a low replacement value crude oil. 
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DETAILED REFINING DATA 

A. PROCESS DESCRIPTION 

The model is intended to represent the total or individual regions of the U.S. 
leHning industry on the basis of a typical 100 MB/CD refinery. The refinery was 
set up to run four crudes - a sweet and sour domestic crude and a sweet and sour 
foreign crude. The crudes are South Louisiana Mix (36.2 API), West Texas Sour 
(33.4 API), Nigerian Mix (29.5 API), and Saudi Arabian Light (34.5 API). Any 
combination of these crudes can be considered marginal or with fixed volumes. 

Investment and operating cost data for each of the refinery processes in the 
model are intended to represent the costs of units whose size is consistent with a 
100 MB/CD refinery. Both capital and investment costs can easily be escalated to 
represent inflation for future situations. A process-by-process description is given 
below, highlighting the major assumptions used in producing their representation. 

B. ATMOSPHERIC DISTILLATION 

Each crude is represented by a separate vector in order that the differences 
in the various stream qualities may be represented in downstream processes. 
Investments and maintenance costs for sour crudes are higher than for sweet 
crudes to reflect disadvantages of increased sulfur in the feedstock. In addition, 
the percentage of sour crudes run can be controlled by having a capacity 
restriction on these crudes. 

C VACUUM DISTILLATION 

Once again, each crude has its own vacuum distillation vector to enable 
downstream processing to reflect the differences in stream yields and qualities. 

D. CATALYTIC REFORMING 

Naphtha from each crude has its own reforming vectors. Each crude specific 
naphtha is broken down into three feeds available for reforming - light, medium, 
and heavy. The light (160-200° F) and medium (200-340° F) feeds produce 
reformates which will meet the end point specifications of 365° F maximum on 
the special gasoline being studied for General Motors. The heavy feed, a 340° F to 
375° F feed produces a reformatc which does not meet the General Motors mogas 
E.P. spec, but is acceptable in conventional gasolines. 

For light and medium feeds, four reforming severities are represented giving 
90, 9.5, 100 and 103 Research Octane clear product. For heavy feed only 90, 95 
and 100 severity are included since it is unlikely that this feed will be reformed 
at the highest severity for lead-free, low end point gasoline. 
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Feed capacity restrictions (of 1.03 and t .06) are incorporated on operations 
at 100 and 103 severity to reflect the fact that existing reformers are designed for 
severities in the 90 to 95 clear octane range. When considering future processing 
requirements these restrictions are. of course, released. 

Reforming of hydrocrackates from low severity operation is also represented 
at 90, 95, too and 103 severity. Reformate from these operations does not meet 
the 365° F end point specification because the feed hydrocrackate has too high 
an end point. In order to reduce the end point of the hydrocrackate, a special set 
of high severity hydrocracking operations is represented in the model and these 
are discussed later. The reformate from the reforming of this low end point 
hydrocrackate feed will then meet the 365° F end point specification. 

Investment and operating costs for different reformer severity operations are 
increased with increasing severity to reflect the fact that higher investment wouM 
be required for a higher severity reformer and it would be more costly to operate. 

E. CATALYTIC CRACKING 

Catalytic cracking is represented by six options, namely a low and high 
severity operation on a sweet feed, a sour feed and a desulfurized sour feed.Only 
vacuum gas oil in the boiling range of 650° F to 1,050° F is considered as a feed 
since this is fairly typical of U.S. catalytic cracking operations. Lighter distillates 
can be hydrocracked. 

Low severity operation is set at 65 volume percent conversion and high 
severity is set at 85%. Yields are based on Zeolitic type catalysts and are given in 
Table I. A higher capacity utilization of 1.05 is placed on the high severity 
operation since most catalytic crackers are not designed to handle the same 
amount of fresh feed at high severity, even with a Zeolitic type catalyst. 

Investments and operating costs are higher for the high severity operation 
and for the sour feed cases. 

F. CATALYTIC CRACKED NAPHTHA SPLITTING 

The catalytic cracked naphthas produced have end points around 430° F 
and, as such, are not suitable to meet a 365° F end point gasoline. In today's 
refining operations catalytic naphthas are normally split Into a light and heavy 
naphtha. The light naphtha would, of course, meet the 365° Fend point, but the 
heavy would not. Therefore, in addition to this normal splitting operation, we 
have added an alternative which produces a light catalytic naphtha, a medium 
catalytic naphtha, and a very light cycle oil. The medium catalytic naphtha will 
meet a 365° F end point and the light cycle oil produced can go to distillate 
blending. 
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G. HYDROCRACKING 

Hydrocraclcing operatjons are represented by twelve »ecton. Half of these 
represent existing operations and what we have tenned low severity hydrocraclc- 
ing. The other half are the special high severity operations which produce low end 
point hydrocrackates to make refomute suitable for Mendtng in 365^ F end point 
gasoline. More hydrogen is consumed and feed capacity is reduced S% for this 
operating nx>de. 

Six types of feeds are allowed to the hydrocrackers. namely a sweet and sour 
feed of each of atmospheric heavy gas oil, vacuum gas oil. and cracked gas oil. All 
cncked gas oils are considered to have the same yields and these feeds include 
catalytic cycle oil, coker gas oil. and visbreaker gas oil. Table 2 lists both the low 
and high severity yields used in the study. Both investments and operating costs 
for sour operations and high seventy operations are higher than for sweet low 
severity operations. 

H. ISOMERIZATION 

Isomerization of light naphthas (CS/160) has been included as an additional 
processing option which is likely to be required for the production of lead-free 
gasoline. Both once-through and recycle isomerization of each of the four crude 
^>ecinc light naphthas are included in the model. 

I. OTHER GASOLINE PROCESSES 

The other gasoline processes represented in the model are Polymerization 
and Alkylation. 

J. OTHER CONVERSION PROCESSES 

Other conversion processes represented are Coking and Visbreaking. which 
differentiate between sweet and sour feedstocks. 

K. DESULFURIZATION 

Desulfurization of naphthas, tight and heavy gas oils, and vacuum gas oils 
from all crudes arc included as processing options in the model. In addition, direct 
desulfurization of sour atmospheric bottoms (650° F-*-) to sulfur levels of 1.0 wt% 
and O.S wtVt are included. 

Cycle oils from sour catalytic cmcking operations also have the option to be 
desulfurized. Naphthas from coking operations are required to be desulfurized 
before routing to product blending or reforming. 

47 



251 

IS lO CM s 00  CM    lO 

1 
s It) o 8 CM n <D   •- 

1 1 8 p 
r- 

p ^s^ 
IL O p) 

U) lA CM P5 CO CM   m 

^ i a 
o o 8 CM n 

« ^ !^ 1 CD ^ p P 
"• 

pi - 

1 1 
^ en a> CD 

,4
74

7 
£3

78
 

.4
26

4 

a 
(9 1 s 

o 
n p 

CM 

^ P 

X E 
3 

CO (N 
•• 

X 
3 
5 

5 { g!8 ^ m 
CM 

n CO r<.< 00 ^ 
^ r^ CD 
rt  M   CM 

* 
CM p «-; f^ p *. •".   *. 

*" CM' *" 

. 

1 
OD O V to ^ o>  V 

lU S 1 CM z & S8 s r^ CM fc 
it> — n 

Q c 1^ to P p ^ p ^_   lO    CO 
O < ri CM" •— 
z 5 OO o 

•«• CO r^  0>   ^ 

S s s 
(9 i ss 5 g 8 s SS 6 

z * JS r^ o 
(M 

P ° p «r u> CO 

Ul 
c 

s 
<» 

§ 
o O o p O 

•j 1 o S & r*. s :::S !!; 
3 'B .• Q p p •- p o r-   CO 
Z 1 

IL o CO ^' 

-t       at 1 i 
! 
8§i O p Sis 

5   = JS ro 
p p '". p CO. p.    c^ 

•^    o ^ 
Ul 

> ^ 1 1 0> 8 8 
o o o o  in 

o 1 1 
u. 

p q p p CO   ID    CO 

z E 00 CM' 

S 
^ i i O i ?iS ID 

O 
s o 

§ |S £ 
IE -J > JS p Q P p p CO   CO    CO 

U •— CM ^> 
o 

X s 1 1 tM S 
o 1 o 

9 § i§ s c u. <o O) o. p p CO   p    CM 

< CO *- ^ 
f 5 

s 
o o O o 2 ° 

> 5 oo 8 g 398 S  S    00 
X J! <> O) p p "T p CO p   C<j 

^ oo 

w — 

§. 

y-^'l f 5 

48 

29-J'2 O - 74 - 17 



252 

Investment and operating costs on the sulfur manufacturing process include 
provision for a centralized H^S gas scrubbing system which is necessary when 
producing elemental sulfur and is not included as part of each individual hydro- 
treating process. 

L. GASOLINE BLENDING 

The gasoline blending data was developed from other published studies such 
as U.S. Motor Gasoline Economics - A.P.J. June 1, 7967 supplemented by our 
own in-house analysis and is presented in Table 3. 
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Mr. SATTERFIEIJ). I appreciate that, Mr. Chairman. 
Now, let me ask you this question. We have gone down to 91 octane 

gasoline. Does this not mean a decrease in compression ratios? 
I believe you testified to this. 
Mr. CoLK. Yes; it dcx'S. We selected the 91 octane level, or the com- 

pression ratio to l)e compatible with it, l)ecause we were looking at the 
compromise l^etween emissions, thermal efficiency of the engine, and of 
course economy. That is. thermal efficiency and the economy go hand in 
hand, and the emission output, as you raise compression ratios, tends 
to increase—particularly on hydrocarbons and oxides of nitrogen. 

^Ir. S.MTEiiFiELD. You wcic also looking at the catalytic device, were 
you not ? 

Mr. COLE. We wei"e looking at the catalytic device at that time as the 
one means of meeting the 197') lequirements proposed, and these pro- 
posed requirements were alwut one-fourth as stringent as we actually 
received. The original 1!)7."> goal was shown to us at the Whit^" House on 
the '20th of Xovcml>er. 1969. which was just about one-fourth as 
stringent as actually the 1970 amendment to the Clean Air Act 
required. 

Mr. SATTERFIELD. I.et me ask you this question. On page 5 you say, on 
previous occasions wo have urged the continuation of emission .standard 
levels no more stiingent than the 197") interim California standards. 

Since you say no more stringent, would not 1974 lx> acceptable to 
you i 

Mr. Coi,E. As far as we aie concerned, if that is the judgment of Con- 
gress, considering the effect on the economy and the effect on ambient 
air quality then the 1974 standards would be satisfactory to Greneral 
Motors, l^ut on the othei- hand, we feel l)ecause of the euergj' concern 
that if we know how to sa\e 1.3 peicent of our fuel by going to more 
stringent standards, that we ha\e a serious problem in our own judg- 
ment whether we sliould lecommend the 1974 standards or go to the 
more stringent standni'ds with the catalyst. 

Mr. SATTERKiELn. AVlicii you say 13 percent, you are only talking 
about 1.3 percent of the gasoline that goes into the automobile tank, are 
you not ? 

Mr. C()i,E. This is correct. 
Mr. SAITERFIEI.I). Now. what T am concoined about is how we con- 

serve the overall volume available to the public in all of the variant 
grades, and it seems to me that you do not have a 13-peicent gain there. 
We already have a loss, and there is a penalty according to testimony 
we had yesterday, to prmlucc this nonleaded gasoline. 

Mr. COLE. Well, the losses—you nuist describe them as not being just 
emission losses. We have Ix-en on a collision  

Mr. SATT»:RFIEIJ). T am talking alx>ut consumjition of gasoline losses. 
Mr. COLE. T am talking about the consumption of gasoline. 
We have been on a collision course with some of the regulations com- 

ing out of the Department of Transportation that has increased the 
weight of our cars, and you cannot increa.se the weight of a car. such 
as with the heavier bumpers, and othei- factoi-s. without increasing the 
fuel con.sumption. And you can use the lule of thumb, if you would 
like to. of about 1 mile per gallon for every 400 povnids. you increase 
the weight of the car. And our cai-s. roughly from 1970 to 1974, are 
approximately 500 jwunds heavier. 
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Mr. SATTERFIELI). We have had testimony here tliat there has been as 
much as a '20-percent loss. 

Mr. COLE. Well, that is a combination, sir. 
Mr. SATTERFIELD. It looks like that comes from someplace other 

than weight. 
Mr. COLE. Well, it is a combination. We have those delineated as 

to what compres-sion ratio meant in the way of loss, how much the 
weight was, and we would be glad to submit that to the record, and 
we did submit that to the Senate subcommittee in this area. 

Mr. SATTERFIEIJ>. Mr. Chairman, I know my time is up. I would 
like to ask one (question right there. 

I would like to know wnat is the loss due to your compression ratio 
change ? 

Mr. COLE. Appioximately 2 percent. 
Mr. SATTERFIELD. Two percent ? 
Mr. COLE. Yes, sir, and that is overall. 
Mr. SATTERFIELD. HOW much of a compression ratio reduction has 

there been in the last 3 years ? 
Mr. COLE. Well, in 1970 we had about 40 percent compression ratio 

engines, and we had about fiO percent of our cars designed to run on 
legular fuel. Those regiilar fuel cars were adjusted on a minimal basis, 
maybe four-t«nth.s of a ratio, to bring them in line for the 01 require- 
ment. The others were adjusted moie severely from compression ra- 
tios of around 10 to 1 down to around 8V^ to 1. 

yiv. SATTERFIELD. Thank you, Mr. Chairman. 
I have other questions. I know my time is up now, and I will catch 

it on the second go-round. 
Mr. ROGERS. Certainly. 
Mr. Nelsen. 
Mr. NEI>SEN. YOU mentioned the added weight. Now, some of those 

lequirements as to the weight of an automobile, are any of those be- 
cause of requirements that have been exacted on the industry by 
Government regulation ? 

Mr. COLE. Yes. There are several requirements, Mr. Nelsen. One is 
the energy-absorbing bumpers at a .5-mile-per-hour barrier impact 
level, along with the addition of a pendulum requirement. We have this 
exactly, and I can add it into the record. 

Mr. RooERS. I think it would just be well to nut this all in the record. 
[Tlie following information was received for the record:] 

ADDmoNAi. WEIOHT PER CAR BECAUSE OF MANDATED ENERGY-ABSORBING 
BUMPER SYSTEMS 

Since 1971, substantial ehani^es have been made to the front and rmr bumper 
systems on General Motors pasrenprer cars. These chanRes. which were necpssary 
to meet the .5 niph front and rear barrier and ix-ndiiliini impact tests of MVSS 
21.'>. have added fl.'iS (cost to the customer witli no profit to f!M) to tlie cost of a 
typical full-size GM veliicle. They have also increased the weight of a bumper 
.system, including' related structure, by l.'il pounds. Beginning in 1»76, additional 
bumper weight (estimated on some cars to range l>etween 4 and 20 pounds, 
depending upon make and model) will be require<i to meet front and rear corner 
pendulum impact tests at the 16-inch height. 

Mr. CoLE, And tiiis is the chart I have delineating the fuel effects 
and los.ses from these various clianges, and not all of these changes are 
emission changes, but I do have the emission changes delineated along 
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with these other elements that went into the changes of the car from 
1970 to 1975. 

Mr. NELSEN. On the engine design, it is my understanding that your 
earlier engines had a larger piston, a shorter stroke to go to the smaller 
piston, and the longer stroke to take advantage of the power that is 
m the combustion chamber. 

Is that about the direction you are going on the engine? 
Mr. COLE. Well, earlier our designs were what we called an over- 

square engine where we had largerlxjre than we had stroke, and this 
caused Avnat we called a higher surface-to-volume ratio. In other 
words, the surface of the piston in the combustion chamber was higher 
with an oversquare engine than with an undersquare engine. In the 
case of the Vega, when we designed it, we knew about some of these 
requirements on emissions so we did change the surface-to-volume 
ratio. We increased the stroke and made the combustion chamber 
surface less and the piston had less, which does tend to reduce the 
inherent emissions that come from the engine. 

Mr. NEI-SEN. I read something about a rotating valve. 
How do you get that valve to operate that way ? Is it by a hydraulic 

system ? 
Mr. COLE. Mr. Nelsen, I am not quite sure about the rotating valves 

that you are talking about, valve i-otators. Well, those are mechanically 
rotated by an arrangement of kind of a ratched mechanism. 

Mr. NELSEN. I see. 
Mr. COLE. AS the valve goes up and down, the load is taken off of 

the valve spring, and it inclies around. But, really, this has not much 
to do with i)assenger car engines, but we use that method on heavy duty 
operations, particularly in heavy duty truck operations. 

Mr. NELSEN. Now, oii the leaded gasoline, will that be made available 
so that those of us wlio may be driving an automobile that requires 
leaded gasoline will be able to get that fuel? 

Mr. COLE. Yes. We iiave made changes in our valve mechanism, and 
not all valves have valve rotators, and not all valves need valve rota- 
tors. We have gone to a hardened valve seat. We take the cast iron that 
the valve seat is on and tire head, and through induction, hardening 
high frequency induction hardening, we harden that seat so it is much 
harder than it was prior to going to unleaded fuel. We have also 
treated the valve itself, the surface of the valve, with a nickel alloy, in 
some cases, and with aluminum alloys in other cases, so that we do not 
get this tendency to weld when we lose the lubrication qualities of the 
lead in the gasoline. 

Mr. NEI^SEX. YOU see, I am trying to detect the possibility that my 
little V-6 liuick—I want to be able to get the gasoline that I need 
until I wear it out. It lias 95,()0() miles on it; it is a 1965 model, and 
I refuse to give it up. 

Mr. COLE. You need a new one. 
Mr. NEIXEX. NO more questions. 
Mr. RocERS. Mr. Preyer. 
Mr. PREYER. Thank you, Mr. Chairman. 
They say statistics do not always lie. but they seldom voluntarily 

tell the truth. Some of these statistics here seem to fall in that area. 
I wanted to ask Mr. Cole and Mr. Terry a few questions about their 

differences on the virtues of the catalvtic converter. 
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First, I would like to ask Mr. Cole: If you use a catalj^tic converter 
on a car and use one tankful of leaded gas, does that ruin the converter, 
or does that just make it inoperative for that tankful? 

Mr. COLE. It does not ruin the converter, and we can put that infor- 
mation into the record. We have run those tests where we have run a 
full tank of 3 ^ams per gallon of tetraethyl lead in the fuel. The con- 
verter will recover. But, on the other hand, if this is continued for an 
extensive period of time, then you do contaminate the converter with 
lead. 

Now, I have to say this: That I believe—and I do not know enough 
about our competitive systems—but our system has been designed to 
tolerate a certain amount of lead from time to time from inadvertent 
filling was gasoline that does have lead in it. And we will submit that 
data to the committee so you can examine it. 

Mr. RoGKRS. Without objection, it will be made a part of the record. 
[The following information was received for the record:] 

RECOVEBY OF CATALYST AFTER POISONING WITH LEADED GAS 

General Motors test data indicates that tlie GM pellet catalyst planned for use 
on most, if not all, 1975 model cars to meet the 1975 interim standards will recover 
from up to 2 tanks of leaded fuel l)efore the cataly.st fails to fully recover. See 
figure 2. 

However, as noted in Figure 2, even though the catalyst does not fully recover 
when the third tank full of leaded gas is used, the catalyst does partially regain 
its capacity. The point at which the catalyst is completely destroyed is not shown 
by our data. 
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Mr. PRETER. Does that depend on the type of catalyst that is used, as 
to whether it is a pellet-typo or—what is the other ? 

Mr. CoL?:. Monolith. 
Mr. PRKYER, Monolith ty|je. Doe.s that make a difference? 
Mr. ('oL.E. Yes; there is a distinct difference, and these happen to be 

the pellets we are using. This is a {ramnia aluminum, and this is an 
aluminum bead. Tliis bead is porous, so if you would spread the sur- 
face out. this would represent approximately 100 square feet of s\ir- 
face area in this bead, in this small bead. 

And one thing that happens when lead does tend to deposit on the 
surface, as time goes on, is that this lead migrates into the center of the 
bead until it is completely filled with lead sulfates. And this is one 
advantage, we think, of our system with the porous-type bead; it does 
have that capacity, and it does the same thing for sulfur. 

Mr. PREYER. IS there any sort of ballpark estimate of how many tank- 
fuls of leaded gasoline you have to use before you do poison the cata- 
lyst ? Has Chrysler  

Mr. COLE. Yes; we have that information, and we will submit it, and 
we will also show you the degradation of a catalyst with a certain level 
of lead in the fuel on a continuous basis, varying from, say, a tenth of 
a gram to three grams. There has been a lot of concern in the refining 
industry as to the upgrading of the fuel octane numbers if a small 
amount of lead could bo u.sed. But you must bo down in the area of 
about ().0:{ grams average epr gallon to insure a catalyst to run about 
50,000 miles without replacing it. 

Mr. PREYER. Well, that wiis the next question I wanted to ask you. 
Mr. Miscii. Mr. Preyer, could I suggest one thing? 
I would like also to submit for the record similar data with regard to 

monolithic catalyst that we are using to show the deterioration at vary- 
ing levels of lead, so that they are both in the same record and can be 
compared. 

Mr. ROGERS. Yes; that would be helpful. 
Mr. MiscH. Oiir own experience nidicatcs there is not that much 

difference between monolithic and pelleted catalysts. 
Mr. RtKiERS. What about (^hrysler ? You arc using what type ? 
Mr. TERRY. WO are using monolithic. We will be ha^jpy t» submit our 

data for the record. [See p. 265.] 
Mr. ROGERS. Thank you. 
Mr. SATTERFIELD. Since wo have a panel, since we have asked for 

information from some of the panelists, could we not just make the 
record open to each of them, if they want to submit information on that 
point? 

Mr. ROGERS. I think that would be helpful. 
[Testimony resumes on p. 296.] 
[The following infoimation was received from Ford Motor Co. for 

the record:] 

THE EFFECT or h&Mt ON MONOLITHIC CATALYST ACTIVITY 

To determine the sensitivity of our 11)7.'> cntal.vst.s to lead In the fuel. Ford ran 
a series of laboratory exixriments in which catalysts were operated with fuel 
having different amounts of lead. The results of these exi>eriments are shown 
on the attachetl two cur>e sheets. Tliese curves show the dropoff in catalyst ef- 
ticiency with increased mileage wlien oi)erate<l on fuel containing four different 
levels of lead. The sixriflc lead levels were a lal)orator>- "sterile" test fuel con- 
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talning less than .008 grams per gallon of lead, .03 grams per gallon (certifica- 
tion lead level), .05 grams per gallon (maximum legal limit), and .5 grams per 
gallon (normal limit for low lead gasoline). 

As shown from the attached curves, a significant drop In catalyst efficiency 
was observed for hydrocarbon removal as the lead level was increased. A slight 
but dlscernable difference was also noted in (X> removal, but less than for 
hydrocarbons. This sensitivity of catalysts to lead is the basis for our requirement 
that they run only on lead-free fuel, that is, fuel with very low lead content. 
Any decrease in catalyst efficiency, of course, increases the tailpipe emissions of 
the vehicle. For example, hydrocarbon emissions would double If catalyst ef- 
ficiency dropped from 80% to 60%. 

A certain amount of recovery of catalyst efficiency would normally be expected 
after a catalyst had been exposed to a limited amount of leaded or low-lead fuel, 
however, some permanent degradation is inevitable. 

Pord has a fleet of 450 catalyst cars operating in the State of California to 
provide information on catalyst usage under a wide variety of customer-type 
operating conditions. Besides the catalyst information we are ac^iuiring, we are 
also finding out the difficulty of operating vehicles on unleaded gasoline. 

Recognizing the potential for such a problem, we went to the trouble of per- 
sonally instructing each person that was assigned one of these fleet cars. Also, 
a very prominent sign saying that only unleaded fuel is to be used is attached 
to the exterior of the car close to the filler neck. We took these precauticms 
recognizing that some difficulty might be experienced In finding unleaded gaso- 
line, and the fact that these cars were not equipped with the small diameter 
filler neck which will be used on 1975 models. (Gasoline stations are not yet 
equipped with the special filler nozzle that will be used for dispensing unleaded 
gasoline next year.) 

To date we have experienced 50 knovm cases of mis-fueling with leaded or low 
lead fuel on this California fleet test. This works out to an average of about one 
niia-fueling in every 240 fillings. We would hope that this would be drastically 
reduced next year on 1975 model cars with the use of the prescribed special 
filler necks and filler nozzles, nevertheless, these results are indicative of the 
fact that some mis-fueling is almost certain to occur. 

We expect to have more data in future from this fleet test which will better 
define the effect of lend on catalyst efficiency in customer type operation. 
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[The following information was received from Chrysler Corp. fot 
the record:] 

THE EFFECT OF LEAD IN GASOLINE ON THE EFFECTIVENESS OF 
PLATINUM-PALLADIUM CATALYST SUPPORTED ON CERAMIC 
HONEYCOMB 

C D. M. Teague, Chief Research Scientist; and E. J. Lesniak, Jr., 
: Research Scientist, Research Office, Chrysler Corporation- 
'. December 14, 1973 
V 

Abstract 

This report presents data on the effect of tetraethyl lead 
in gasoline on the activity of platinum-palladium catalyst. 
This type of catalyst, supported on ceramic honeycomb, is 
one of the production systems planned for control of emissions 

.       in 1975 Chrysler Corporation vehicles.  It is clearly shown 
J       that the degrees of inactivation is directly related to the 
j       amount of lead present in the fuel used. While fully-leaded 
'       fuel is being burned in the vehicle there is a severe loss 
f       In the control of HC and CO emissions.  A major part of this 

loss, but not all, can be recovered by the subsequent use of 
unleaded fuel.  It has been found, however, that the inactivation 
of this type of catalyst is due to the ethyl chloride-bromide 
scavenger, normally included with tetraethyl lead. 

It is also estimated that an increase in the average lead 
content permitted in 1975 unleaded fuel would produce a small 

3       increase in HC and CO emission throughout the life of the 
'       catalyst. 
r. 
1 
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Discussion 

Chrysler Research has made a study of the effect of tetraethyl 
lead in fuel on oxidatlve catalyst performance in reducing 
exhaust emissions. Most of the information has been obtained 
with platinum and/or palladium compositions on ceramic honeycomb 
substrate. 

The most significant results are as follows: 

Laboratory Data 

Single-cylinder laboratory tests show that a palladium catalyst 
on honeycomb is rapidly degraded with leaded fuel (see Figures 1 
and 2). After 5 hours of operation with fully-leaded fuel, it is 
estimated that the catalyst would no longer have made 1975 standards, 
either for CO or HC. The HC deterioration is more severe than 
that for CO in the 1000°F normal operating range of a vehicle. 

These results are typical of both laboratory tube furnace and 
single-cylinder engine results. 

Research Dynamometer Tests 

Cylindrical (3.6" diameter X 3" long) oxidation catalysts (20% 
platinum - 80% palladium composition) were run for 100 hours 
as a durability test.* Four catalyst cylinders, with an effective 
bed volume of 100 in.3, were run on the exhaust from a 360-CID 
engine. Figures 3 and 4 (black circles) show a small deterioration 
in CO and HC performance, when the engine was run on indolene 
clear (unleaded) fuel containing about 0.010 grams lead. 

Similar catalyst units were then run on a fuel containing 0.30 
grams of lead per gallon.  This amount of lead, over 69 hours 
of testing, is equivalent to that contained In the fuel consumed 
by a typical car in 25,000 miles at 0.05 grams/gallon lead. 
The 0.05 grams/gallon is the maximum specified by EPA for 1975. 

A much greater deterioration of CO oxidation Is evident 
(Figure 3, open circles). We estimate that a car containing 
this catalyst would probably not meet the 1975 CO 
standard. 

•The endurance test schedule was similar to that developed by 
Dept. 7'*90, Engine Emissions and Performance.  It is a sinple 
cycle, alternating between a moderately heavy acceleration 
and idle engine conditions. A detailed description may be 
obtained from Dept. 9310, Chemical Research. 
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At 69 hours, the test was continued, again using indolene 
clear fuel to clean up the lead inactivation.  It can be seen 
that the CO activity recovered about 75% back to what it 
would l^ave been on indolene clear fuel. 

/ 
Similar results were observed with respect to HC activity. 
Figure ^f shows'a considerably greater loss in HC performance 
when leaded fuel was used. Furthermore, slightly less than 
half of the HC activity was recovered with lead-free fuel, 
coapared with the same number of hours on indolene fuel. 

These data indicate that the lead in a 1975 "unleaded" (0.05 
grams/gallon) fuel will probably produce a significant deter- 
ioration of catalyst performance. They also suggest that a 
considerable recovery of performance after lead poisoning can 
be obtained by running with fuel contaning little or no lead. 

Filter for Removing Lead from the Fuel 

A similar test was made on a special resin filter which 
apparently functions by decomposing the tetraethyl lead ester. 
We ran a test in which an experimental resin filter for lead was 
placed in the fuel line. The purpose was to remove the lead 
from the fuel before it was burned. 

The same dynamometer test schedule was used, plus the same 
fuel containing about 0.3 grams (300 milligrams) per gallon 
of lead. 

Table I shows the lead content of the fuel entering the filter. 
It was constant at about 300 milligrams per gallon.  The fuel 
which passed through the filter contained a very small quantity 
of lead initially, but rose to about 200 milligrams after 
57 hours. 

Table I 

Exchange Resin Lead Fuel   Filter Efficiency 

Leaded Fuel Filter   Inlet           Filter Outlet 
(hours) (mg/gal   -  lead)     (mg/gal 

8.6 302.8 
28.2 
48.8 
56.8 
61.6 301.0 
71.5 302.8 

ig/gal   -  1 eadj 

^.3 
23.0 
ifS-O 

198.5 
198.5 
227.1 

29-272 O - 74 - IB 
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Although the lead filter was carefully maintained at the 
recommended temperature of SC'f, the efficiency of the filter 
in removing lead was rapidly lost.  It is not a satisfactory 
way to protect the catalyst from lead. 

The effect on the catalytic oxidation of CO and HC was similar 
to the earlier test without the lead filter.  Figure 5 shows 
this deterioration.  The loss of CO and HC activity was similar 
to the previous test without the lead filter, though somewhat 
larger. 

At 82 hours, the dynamometer run with the lead filter was 
returned to indolene clear fuel. As with the previous test, 
a substantial recovery in carbon monoxide performance and a 
small recovery in hydrocarbon performance was observed with 
the lead-free fuel. 

These two tests led to the following observations: 

1. Considerable deterioration of catalytic activity 
occurs with lead, even at a level of 0.3 grams per 
gallon lead. 

2. Substantial recovery of carbon monoxide, and a small 
recovery of hydrocarbon performance occurs, if subsequently, 
essentially lead-free fuel is used. 

3. The last observation suggests that most of the 
catalyst deterioration is a function of lead content 
in the fuel. 

Car Tests 

In 1971, Research Car 186, equipped with a 100% platinum-on- 
honeycomb catalyst met the equivalent of the original federal standards 
for 1975 (HC 0.41, CO l.k,   NOx 3.0 gm/mi).  Car 186 results 
were HC 0.46, CO 4.7, NOx 3.0 gm/mi, using a 1972 test procedure. 
Table II shows that 52 gallons of such fuel caused emissions to 
rise well above the standards. 
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Table I I 

Car 186 
Short Term Effect of Leaded Fuel 

(2.3 ml. TEL per gal.) 

PI atinum-on-Honeyco(nb Oxidation Catalyst 
1972 Procedure (HC .'•6, CO k.7,   NOx 3 g/mi) 

Test 
No. HC CO      NOx 

Gal Ions 
Test Fuel 

Miles 
on 

Test Fuel 

77 
78 
79 
80 
81 
62 

.18 

.08 

.22 

.62 

.26 

k.k            2.02 
5.5    1.80 
3.^*    2.53 
k.k            2.34 
11.1     2.23 
8.1    2.09 

Lead-Free 

5 
n 
16 
22 
52 
52 

Fuel 

94 
169 
262 
358 
753 
766 

83 
8l» 
85 

.56 

.31 
10.6    1.78 
7.k           2.31 
7.9    1.80 

20 

50 

266 
Skk 
700 

The total quantity of lead in this test is equivalent to using 
fuel containing .05 grams of lead per gallon for 35.000 miles. 
After 52 gallons of leaded fuel, the system no longer met the 
1975 standards.  It suggests that the lead content, alone, 
would cause this platinum catalyst to fail the 1975 standard 
before about 25,000 miles. 

An additional 50 gallons of lead-free fuel showed some recovery, 
but did not bring the system back within levels then set for 1975. 

In another test, five catalyst cars were being run at the 
Proving Grounds on the general endurance cycle.  These were 
Cars 252, 339, 497, 668 (Engineering vehicles), and 433 
(Research vehicle).  All were running on indolene clear fuel 
containing only .008 to .012 grams/gallon of lead. 

Unintentionally, a quantity of leaded fuel was added to the 
Indolene clear tank.  Varying quantities of this mixed fuel 
were used by the four cars mentioned above. Although the 
precise amount of lead contamination is not certain, data 
from the Fuel Laboratory indicate that this mixed fuel contained 
aaout 0.16 grams of lead of lead per gallon. 
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The cars showed an increase in emissions after the use of the 
low-lead fuel.  After additional operation on essentially lead- 
free indolene, sooie recovery of emissions control was noted. 

Averaging the results on the five cars shows the effect more 
simply.  It compares emission levels on: 

1. lead-free Indolene, before use of low-lead fuel, 

2. low-lead fuel (0.16 g/gal), and 

3. Indolene again, showing recovery. 

Table III 

Effect of Low-Lead Fuel on Emissions 
(Average of 5 cars) 

HC      CO      NOx 

Test values on Indolene, 
lead-free fuel (0.010 g/gal)      .k2 3.21    1.67 

After 447-1, 354 miles on 
low-lead fuel (0.16 g/gal)        .48    4.78    1.67 

After 1,387 - 4,500 additional 
miles on indolene .41     3.90    1.81 

Although changes are not large, there appears to be some 
recovery when indolene (lead-free) fuel was used. CO remains 
about 20% higher than it was before the lead episode. 

It should be pointed out, however, that the low-lead fuel 
inadvertently used, only averaged about 0.16 grams/gallon. 
This is but three times the proposed federal standard for 
1975, and the number of miles on this fuel was only 447 - 
1,354 miles.  This is a very small exposure, conpared with 
that e,xpected in 1975, where the target is at least 25,000 
miles, and the fuel may contain up to 0.05 grams/gallon lead. 
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EFFECT OF CATALYST COMPOSITION 
AND 

LEAD LEVEL OM CATALYST IMACTIVATION DUE TO LEAD 

In order to better understand the mechanism of precious metal 
inactivation of catalysts by lead, a more detailed study was 
made. To obtain more precise control of test conditions, 
this investigation was made on a multi-cylinder engine dynamometer. 

Effect of Precious Metal Composition 

In order to distinguish the effect of lead on individual precious 
metal components, experimental catalyst was made with either 
100% platinum or 100% palladium as the active material. 

Dynamometer Test Conditions 

Lead exposure tests were run on a standard 360-CID engine 
with a 26-CID air pump and a 1.71:1 pulley ratio.  The 
engine conditions during the durability cycle consisted 
of kS  seconds at 2'*00 rpm and 6 inches of manifold vacuum, 
followed by 15 seconds at idle. The catalyst activity 
test points were taken at 2,000 rpm and 6 inches of manifold 
vacuum. The inlet conditions to the catalyst during both 
the durability and the activity tests were: 

1. 1 to r-^ CO, 
2. SSO^F, and 
3. 5% Oj. 

Catalyst Sample Composition 

Experimental samples were made on extruded Corning substrate. 
Sample size was 3.6" diameter by 3" long, combined to 
make a useful bed volume of 100 in.3.  Either platinum 
or palladium was used as the catalyst, at a concentration 
of 0.2% by weight of the honeycomb support. 

The catalyst units were run for 9 hours on unleaded fuel 
(indolene clear containing .010 grams of lead per gallon). 
A slight normal drop in activity due to factors other than 
lead poisoning occurred during this preliminary period. 

The engine was then run on fuel containing 0.161 grams per 
gallon of tetraethyl lead for 112 hours. This is equivalent 
to the amount of lead which would be contained in the total 
fuel used in a typical automobile in 25,000 miles, burning 
fuel containing the 1975 maximum of .05 grams per gallon lead. 
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After 112 hours of running on the leaded fuel, the engine and 
catalyst were again run for another 10 hours with indolene clear 
unleaded fuel.  This was intended to show the degree of recovery 
possible with unleaded fuel. 

Figure 6 shows the results obtained. The solid lines Indicate 
that there is a drop in CO removal from 97.7% to 92.5% when 
piatinum is the catalyst. When pal 1adium is the catalyst, the 
drop in CO conversion is from 91.8% to 85.0% conversion.  This 
Indicates a more severe poisoning of a palladium catalyst by 
lead in the fuel, than for platinum. 

Similarly, a loss in HC conversion from 79.5% down to 71.2% 
occurs with a platinum catalyst. With a pal 1adium catalyst, 
the HC loss is from 70% to 58% due to lead. This indicates 
that lead poisons a palladium catalyst much more severely than 
it does a platinum catalyst. 

In a similar fashion, it can be seen that a platinum catalyst 
(solid lines) recovers a very considerable part of the poisoning 
loss when unleaded fuel is again used to operate the engine. 

Palladium recovers only slightly in terms of CO activity, and 
not at al1 In terms of HC activity. 

This result indicates that palladium is substantially, and 
almost irreversibly, poisoned in its catalytic activity when 
there is lead in the fuel. Platinum, on the other hand, is 
poisoned to a lesser degree, and recovers a major part of the 
activity with unleaded fuel. Clearly, a platinum catalyst is 
more resistant to deterioration by the inadvertent use of 
leaded fuel in a catalyst car. A platinum catalyst may also 
show better retention of performance, even at the 1975 "unleaded" 
fuel maximum of 0.05 grams per gallon lead. The advantage of 
adding palladium to the catalyst for its quicker cold-start 
"llghtoff" Is apparently lost when lead is present. 

For this, and other reasons, Chrysler has xjdifled the catalyst 
composition planned for 1975 vehicles to contain a higher 
percentage of platinum. 

Effect of Lead Content on Catalyst Activity 

Dynamometer Test Condition 

(Same as for previous series, above.) 
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Catalyst Sample Composition 

Experimental samples were made on extruded Corning substrate. 
Sample size was 6.5" X 3.5" ovals, 3.75" long, combined to 
nrtake a total bed volume of 150 in.3.  The catalyst conposition 
was 70% platinum and 30% palladium at a concentration of 
0.2% by weight of the honeycomb support. 
I 

A series of tests were run on a standard 70/30 platinum/palladium 
catalyst composition. Fuels containing different levels of 
tetraethyl lead were used in a sequence of dynamofneter runs. 
In each test, a fresh catalyst was run on unleaded* fuel for 11 
hours.  The dynamometer was then run on a fuel containing a specified 
quantity of lead for another 11 hours.  This was followed by 
operation on unleaded fuel again for an additional 11 to l** hours. 

The results are presented in Figures 7 and 8. Figure 7 shows 
that the CO activity of the catalyst is promptly lost when leaded 
fuel is used. The deterioration is from 98 to 93.9 with '*6 
milligrams per gallon of lead (1975 unleaded fuel level).  It 
becomes progressively worse at higher lead contents, and drops 
to less than 30% with a fully-leaded fuel containing 3,'*00 
milligrams per gallon (i.k  grams per gallon). 

The recovery of activity is equally rapid, though not complete, 
when unleaded* fuel is again used.  Table IV summarizes this data. 

Table IV 

Lead in Fuel 
(mq/qal) 

10 

106 
550 
1100 
3-400 

Figure 8 shows a similar picture for HC activity. Here again, 
the loss is proportional to the lead content.  Both the loss 
and recovery are fairly rapid, but recovery is less complete 
for HC oxidation. 

*ln all instances, the unleaded fuel is indolene clear, containing 
about 10 mg/gal of lead. 

Tenporary Loss, Permanent Los s, 
% Convers: ion 

HC 
% Conversion 

CO CO HC 
9B- 70 9H71* 7576 
93.9 72.9 98.1 79.4 
91.9 69.1 98.1     . 79.* 
85 58.1 96.6 78.1 
57 1*6 95.6 75.0 
28 26 88.1 63.7 
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Table IV sunmarlzes the Information for both CO and HC.  The 
colum headed "Tenporary Loss, %  Conversion" shows the minimum 
per cent conversion for these two corponents at the end of 1 1 
hours.  The conversion of both CO and HC are less than 30% 
effective with a fully-leaded (above average lead content) fuel. 

The permanent loss indicates the conversion efficiency after 
the catalyst has been cleaned up by 11 to I'* hours operation 
with unleaded fuel.  Although the recovery of CO is higher, 
the normal operating efficiency for this cofnponent must be 
in the 9Cf%*   range to meet 1975-1976 standards. 

Chrysler does not have adequate vehicle tests at extended mileage, 
using fuel with a lead content in the range of .03 to .07 grams 
per gallon.  This is the level being reviewed by the petroleum 
manufacturers and EPA   The manufacturers have urged that the 
1975 unleaded fuel level maximum be raised to 0.07 grams per 
gallon. They consider this a more realistic level of contamination 
which may occur. 

An estimate of the HC which is not catalytically removed, 
and hence would be emitted in a vehicle, can be obtained by 
dividing: 

100% - %  conversion after lead    vehicle emissions after lead 
100% - % conversion with no lead " vehicle emissions with no leao 

From our dynamometer data, laboratory, and car tests, we 
estimate that there would be about a 10 to 20% increase in 
HC emissions at all mileages if the average lead content of 
the fuel used were raised by an average of 0.02 grams per gallon 
(from a maximtm of 0.05 to a maximum of 0.07).  The effect on 
CO emission may be somewhat less.  Sufficient car test data 
are difficult to obtain since the effect of test variation can 
be eliminated only with extensive vehicle operation.  Thus, 
data published by Esso, Atlantic Richfield, Ford, and Mobil Oil 
show a progressive decrease in catalyst performance with 
increasing lead content, using controlled dynamometer tests. 
Vehicle tests, by these laboratories, in this range of lead 
content did not show a clear picture. 
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Calculated Deteioration in Vehicle Emissions Due to the 
I nadverent Use of Leaded Fuel* 

From the data cited in this report, plus other extensive information 
on catalyst durability, it is possible to calculate the probable 
loss in catalytic activity and consequent vehicle emission increase. 
This calculation is more straightforward for the emission of 
HC, which appears to be mass transport limited in the catalyst 
bed during most of the standard federal test procedure.  The 
calculation for CO is more complex. 

This calculation is considered to be only an estimate and should 
be confirmed with appropriate vehicle tests.  The estimate is 
shown in Table V, both HC and CO emissions appear to increase 
simi larly. 

Table V 

Calculated Vehicle Emissions After Use of Leaded Fuel 
(Catalyst System Vehicle) 

Amount of              Permanent Increase 
Leaded Fuel Used,       In Vehicle Emissions 
gal .*        Due to Lead, %  

5 20 
10 30 
20 50 
itO 60 
65 70 

Temporary effect while 
leaded fuel is used 200-'fOO (3x - 5x normal) 

The permanent loss indicated above Is that which would remain 
after 500 to 1,000 miles of clean-up with unleaded gasoline. 
Longer mileage with unleaded fuel may minimize this permanent 
loss somewhat more, though no data are available. 

Effect of Various Corrponents of the Tetraethyl Lead Fuel Additive 

The relatively rapid poisoning of catalytic activity and rapid 
recovery therefrom was surprising.  Lead is assumed to be a 
relatively inert solid material, chiefly in the form of lead 
oxy-halides, lead oxide, and lead sulfate.  Such a rapid movment 
onto and away from the active catalyst sites was surprising. 

*Fully-Ieaded fuel containing about 3 grams/gallon lead. 
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A quantitative measurement of the lead deposits on the leading 
edge of the used catalyst nxDnollths was also informative. 
The lead content was higher after the unleaded fuel clean-up 
than it was immediately after the completion of the leaded fuel 
portion of the test.  This indicated that the inactivation 
while leaded fuel was being run was not principally due to the 
physical amount of lead on the catalyst.  There was actually 
slightly more lead present after clean-up with unleaded fuel, 
when much of the activity had been recovered. 

We therefore undertook to study the details of this inactivation 
more completely. 

Dynamometer Test Condition and Catalyst Sample Composition 

(Test conditions and samples are identical to the previous 
series discussed.) 

A number of single-cylinder engine engine tests were made. 
Individually adding the various components of the commercial 
TEL additive.  It was found that the "motor mix" scavenger, 
composed of one stoichiometric equivalent of ethyl chloride 
plus one-half equivalent of ethyl bromide, but no tetraethyl 
lead, showed serious catalyst inactivation, comparable to that 
of the total TEL lead additive. 

More surprisingly, the use of fuel containing tetraethyl lead, 
but no halide scavenger, showed very little catalyst inactivation. 

In order to quantitatively define these effects, an additional 
multi-cylinder dynamometer series was run with three different 
additives:  standard TEL - motor-mix scavenger, motor-mix scavenger 
only, and tetraethyl lead only. The results are shown in 
Figures 9 and 10. 

Figure 9 indicates that the conventional TEL - motor-mix 
inactivated the catalyst rapidly in 10 hours, to a minimum 
of about 30% conversion (solid line). As in the previous series, 
subsequent operation with unleaded fuel recovered most of the 
activity. 

Operation with the ethyl chloride - ethyl bromide scavenger, 
but no lead, showed even more severe Inactivation of the 
catalyst. CO conversion dropped to about 5% In less than 
10 hours. However, subsequent operation with unleaded fuel 
produced a very -apid and nearly complete recovery. 

The use of tetraethyl lead with no scavenger resulted in a very 
slight decrease in catalyst activity, which did not subsequently 
recover with unieaJed fuel. 
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In all of these tests, the level of lead and scavenger was 
equivalent to that in a fully-leaded fuel containing 3 grams 
per gal Ion lead. 

Figure 10 shows a very similar picture for the catalytic 
conversion of HC.  It is quite apparent that it is the ethyl 
chloride-bromide scavenger which is principally responsible 
for the inactivation of this type of noble metal catalyst. 
There appears to be only a slight permanent loss in activity 
from tetraethyl lead, without scavenger. 

According to these results, it is not the lead in automotive 
fuel which inactivates a noble metal catalyst, but rather the 
halide scavenger. 

Unfortunately, it is not feasible to operate an engine on leaded 
fuel without the scavenger, since lead oxides accumulate excessively 
on the sparkplug and in the combustion chamber. 

It is possible that the halide scavenger forms halide salts 
with the platinum-palladium, which are not catalytically active. 
These are decomposed when the scavenger is no longer present 
in the fuel, and catalytic activity then returns. 

The lead oxide - lead sulfate produced when lead, but no scavenger 
is used, is an inert solid which covers the catalyst sites 
physically, to a small degree.  This coverage and loss of 
activity is relatively permanent. With palladium we have 
Indications that the lead oxide permanently reacts to inactivate 
this catalyst.  This does not appear to be the case with platinum. 

One answer to the problem would be to discover a scavenger for 
lead which does affect the precious metal catalyst.  At present, 
such a scavenger is unknown, and may not be feasible.  An alternate 
option is to use the manganese additive for octane improvement 
which has been developed by the Ethyl Corporation, and which 
does not require a halide scavenger.  It appears that this 
additive does not inactivate a noble metal catalyst.  The 
deficiency in this additive is its high cost and less efficient 
improvement of fuel octane. 
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OXIDATIOH CATALYST - LEAD ENDURANCE TEST 
Unleaded 
Fuel 

100 

90 

80 

i « 
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70 

60 
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.Leaded Fuel 
Unleaded 
Fuel 

•x-*-; 

 •  100^ Flatlnua 
• , io05{ Palladium 
Unleaded fuel - MS 3900A 
Leaded fuel - l6l ng/gal of 

tatraethyl lead 
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-^  Figur 
112 
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HOURS OF TEST 
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OXIDATION CATALYST - LEAD POISONIUC TEST 

100 
0-«0 wO 

o 

Unleaded fuel: 
MS 3900A 

Leaded fuel: 
Tetraethyl lead 

• 46 mg/gal. 

-B-4 

—   o 106 mg/gal. 

X 550 mg/gal. 
O 1100 mg/gal. 

• 3400 mg/gal. 

Catalyst composition:' 

Pt/Pd 70/30 

*- Unleaded fuel 

10 15       20 

HOUHS OP TEST 
25 30 

Figure 7 

35 
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OXIDATION CATALYST - LEAD POISPUING TEST 

100 

S 

Unleaded fuel: 
I     MS 3900A 

Leaded fuel: 
Tetraethyl lead  _ 
• ii6  mg/gal. 
O 106 mg/gal. 
X 550 mg/gal. 
O 1100 mg/gal. 
• y*00  mg/gal. 

Catalyst composition: 

Pt/Pd 70/30 

15      20 
HOUBS OP TEST 

25 30     35 

Figure 8 
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OXIDATION CATALYST POISOUIHG TESTS 

100 

3 gm/gal  motor mix 
tetraethyl  lead 

3 gm/ml  TEL 
K/o scavengers 

1.43 gm/gal BtCl- 
1.36 gm/gal EtBr, 

scavenger fuel 
(equal  to amount 

in 3gm/gal  EH 
motor mix) 

Cat. composition: 
Pt/Pd, 70/30  

5»-Unleaded fuel 

10 15       20 

HOUHS OP TEST 
25 30     35 

Figure 9 
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OXIDATIOM CATALYST POISO.-lIllG TESTS 

Unleaded fuel; 
'I MS 3900A 

' Modified fuel: 
'    o 3 gm/gal motor mix 

I tetraethyl lead 
• 3 gm/gal TEL 

w/o scavengers 
X 1.^3 gm/gal EtCl, 

1.36 gra/gal EtBr^ 
scavenger fuel 
(equal to amount 
In 3giii/gal TEL 
motor mix) 

I 

15       20 
HOUaS OP TEST 

30     35 

Figure 10 
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EXCERPTS FROU EVALUATION OF CATALYSTS AS AUTOMOTIVE EXHAUST TEEATMXNT 
DEVICES 

Report of the Catalyst Panel to the Committee on Motor Vehicle Emissfons. 
National Academy of Sciences, Revised March 28, 1973 

DEACTIVATION 

All proposed oxidation catalysts start as finely divided crystallites deposited on 
a particulate or monolitliic support Reco'stallization into larger particles Is 
ordinarily thermodynamicnlly favored. Further, new phases may be formed by 
reaction among the catalytic ingredients or between the ingredients and the 
support For example, NiO may react with alumina to give a spine! (4). All of 
these effects will ordinarily reduce the availability of the active ingredients and. 
thus, catalytic activity. It is the art of the catalyst manufacturer to minimize the 
occurrence of these undesirable reactions. Such information is almost nlways 
proprietary-. 

At low temperatures, the rate of oxidation is detennine<l by rates of adsorption, 
desorption, and surface reactions. At higli enough temiieratures. rates of the Biir- 
face reactions become fast, and severe concentration gradients develop within 
the porosity of the catalyst leading to mass transfer controlled reactions. Much 
of the active ingredients sees little or no reactants and catalytic activity falls sub- 
stantially below that of an ideal, fully exposed catalyst Change in texture will 
affect tliis phenomenon. The range of transition temperatures between the fwo 
modes of oi)eration is probably unknown for many of the oxidation catalysts and 
NO. catalysts. 

In general, in terms of measured emissions, catalyst deactivatlon is rather 
substantial during the first 1.000 to 3,000 mil€>s. An interpretation of the nature 
of the deterioration is ditiicult be<-ause of the complicated nature of the EPA cycle. 
In most cases, the increased emissions may i-esult largely from an increase In the 
light-off temperature, i.e.. most of the increase occurs during cold start How- 
ever. Increasing breakthrough of concentration spikes or a general increase in the 
emission level may al.so Iw substantial. 

Following this initial decline, the activity of mo-st catalysts tested may continue 
to decline at a slower rate. It is doubtful tliat any general conclusions can be 
reached at tliis time. 

POISONING 

There Is ample evidence that lead can result in poisoning of oxidation catalysts. 
Tlie variability problem discussed above makes it difficult to set a reliat)le upper 
limit on the maximum permissible content in lead. It appears that the effect of 
0.01 g per gallon of lead would be of little consequence in comparison with other 
t.vpes of deterioration. It is probable that many catalysts would not be too ad- 
versely affected by O.O.'? g. The problem is complicated by the fact that lead ma.v 
be volatilized from some catalysts during driving modes that resiilt in high 
catalyst temperatures. The UOP Miuiverter is reiKtrted to recover from f)cca.sional 
exposure to leade<l fuel (1). The Gulf NO, catalyst is claimed to work on leaded 
fuel and there is some sniggestion that the Gould thin metal honeycomb may 
tolerate lead. However, no prolonged vehicular tests on these catalysts have been 
rei)orted to us. In the presence of phosphate, some lead is deposited in the rela- 
tively innocuous form of lead i)hosphate (14). 

Sulfur is an omnipresent comjionent of gasoline and has been reported to poison 
oxidation catalysts. Again, however, SO^-l-SOj may volatilize from .some oxidation 
catalysts during driving modes giving high catalyst temperatures (1, 2). This is 
apt to be particularly true of noble metal catalysts. Platinum, after all. is a 
catalyst for the oxidation of Sd (18). It is difficult at this stage to set a general 
upix>r limit for i)emiis.sible S content in gasoline. Each cataly.st may accept a 
different level of S (See Chapter 5). Current data Indicate that 100 ppm of S 
can be accepted regardless of whether the oxidation catalyst is nolile metal or 
base metal as long as a temperature of 1.350-1400''F is reached periodically. 

Tlie minimum average oi)erating temperature of base metal catal.vsts may lie 
determined by the decomi>osition temperature of a base metal .sulfate; a ITOP 
catalyst exhibits sulfate fonnation l)elow about 1100°F witli a 0.01 weight percent 
sulfur fuel and below about 1200°F with a 0.1 weight percent sulfur fuel (1). 
Sulfur poisoning by sulfate formation is largely reversible; a deactivated cataly.st 



may be restored by heating to 1500° F (1), which corresponds to expected gas 
temperatures at 70 mph (UOP) or 90 mph (Chrysler, GM)   (2, 11). 

Botli phosphorus and zinc, common additives to lubricating oil, have been 
reix)rted to collect on certain catalysts, and it has been reported that phosphorus 
is a poison (19). However, we have seen no data establishing a clear difference 
between ashless and conventional lubricating oils in iictual vdiiicular testing. 

For noble metal catalysts, the ease of hydrocarbon oxidation increases in 
the following sequence: 

methane<ethane<other alkanes<aromatic hydracafbons 
<olefins<acetylenes 

During gradual deterioration, the increase in emissions of HC is not apt to be 
in oleflns and acetylenes but rather in the less reactive types of hydrocarbon. 
Ck>mbustion of methane may be incomplete even on fresh catalyst. 

FAILUBE   MODES 

In addition to progressive deterioration, a catalyst may suffer abrupt failure. 
Catalysts on partlculate supports, catalysts on monolithic supports, and thin 
metal catalysts liehave rather differently. 

All will melt if the temijerature rises too high (alumina pellets, 3700° F; 
monoliths and Monel metal, about 2400-2500°F, depending on type.) Clearly, 
actual melting of alumina i>ellets will be difficult. Melting of the other two 
types has been regularly observed in testing (2, 15, 16). Sy.stem and catalyst must 
be mated so that this will not occur under any permissible driving mode and, 
insofar as possible, under sy.stem malfunction. The destruction temperatures of 
monolithic oxidatidn catalysts and thin niet^l catalysts are reached in the 
presence of excess CO and unbumed hydrocarbon at a particular part of the 
catalyst. Such conditions may l)e caused by protracted misfires (1), high speeds 
coasting on long downhill grades (2), and poor_ catalyst design (16). In at 
least one ca.se, the melting of a monolist has been reported to be due to maldis- 
tribution of the catalyst component, a local high rate of heat generation in a 
region with low melting points: e.g., w/CuO, mp 975°C versus 1350°C for mono- 
lith support. 

Thin metal structures that are exposed to substantial excess oxygen when 
hot (such as when the vehicle runs out of ga.soline at 70 mph) can, in essence, 
burn up. Some sources believe that a catalyst cannot reach melting temperature ; 
other sources believe that a temperature overload valve will be needed. 

In addition, temperatures below the melting points may cause rather rapid 
catalyst deactlvatlon. Pellets may lo.se area, convert to o—AUOs, or clump and 
develop excessive back pressures. Some particulate supports of stabilized y—AliOj 
appear to resist 2000°F for short intervals, but continued operation at such 
temperatures leads to rapid failure. This is partly a matter of the physical 
properties of the catalyst and partly a matter of containerization. Advances 
in technology appear to have made attribution failures le.ss common. 

Insofar as the support itself is concerned, monoliths are less sensdtive to 
temperatures than are particulate supports, short of melting or sagging tempera- 
tures. However, high temperatures may lead to rapid deactlvatlon because of 
reactions involving the catalytic components. The upiier permissible temperature 
for both particulates and monoliths will depend on the actual catalyst, not just 
on the support (14). 

Monoliths may also crack under thermal cycling and certain forms of monoliths, 
particularly the spiral wound, may delaminate destructively. The more recently 
manufactured extruded monoliths .seem to have less tendency to such failure 
(17). 

Monel metal catalysts are .subject to embrittlement by grain boundary growth 
and subsequent disintegration (7). Gould claims that Its new catalyst prepara- 
tions are resistant to this effect but we have seen no test data. 

Monoliths are subjected to fracture and disintegration caused by vibrations 
If they are not hold snugly in their containers at all operating temperatures (17). 

SUMMARY 

Operating ranges for NO, reduction, oxidation, and three-way catalysts are 
defined by intervals of temi)erature, gas composition, gas flow ratee, and concen- 
tration of catalyst poisons. 
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The limits of such operating windows are relatively well developed for oxida- 
tion catalysts; NOx reduction catalysts are far less understood at present. This 
position is probably due to the short history of NO. reduction chemistry compared 
with that of hydrocarbon and (X) oxidation. -  •' 

Lead, sulfur, and phosphorus are the major poisons in exhaust gases; the 
influence of minor constituents is not well established. Variability in test results 
poses serious problems in the study of the rate of catalyst deactlvation and of 
the effects of poisons. 

Catalyst failure modes have l)een examined in terms of the underlying thermal 
and chemical behavior of catalyst components. (Methods of avoiding failure 
are discussed in Chapter 5). 

POISONS 

The major catalyst poisons are lead, sulfur, and phosphorus. The poisoning of 
a catalyst by these elements depends primarily on three conditions: the Pb, S, 
and P levels in the gasoline and motx)r oil, the average operating temperature 
of the catalyst bed, and the chemical elements in the active component of the 
catalyst. 

As a basis of discussion, the chart below indicates the total possible emissions 
of lead, phosphorus, and suil^ir over 50,000 miles for a conventional oil (API 
service "SD" oil) and two fuels (the latter is the proposed EPA fuel s?)eciflca- 
tion) : 

0-per 
Oil Component (wt %) : so,ooo mJ 

Phosphorus (0.13)      54 
Sulfur   (0.a5)     145 
Sulfated ash  (1.3)    540 

Fuel Component: 
A. Phosphorus (0.07 g/gal)    360 

Sulfur (0.(M wt %) 5520 
Lead (0.07 g/gal)    350 

B. (Proposed EPA 1975) 
Phosphorus (0.01 g/gal)       50 
Sulfur   (?)  
Lead (0.05 g/gal)    250 

Assumptions: 
Oil consumption : 1,000 mi/qt 
Fuel consumption: 10 mi/gal 
Components: as Indicated above 

Lead 
T^ead is an efBcIent poi!»on of noble metal catalysts. The halide scavengers asso- 

ciated with motor mix (tetraethyl lead plus scavengers) are known to deactivate 
metal oxide oxidation (17) and NO,(18) catalysts. Thiis, reduction of lead and 
associated scavengers should benefit essentially all catalytic systems. Most of the 
earlier research on lend poisoning did not Include detailed studies at very low 
lead levels (less than 100 mg/gal) (19). A very tentative evaluation can be based 
on a recent durability study (20) of the influence of lead on hydrocarbon oxida- 
tion by a platinum monolith at 800° F. Catalyst activity declined to a plateau 
value after about 100-200 hr of aging in engine exhausts (1000 to 1250° F. cycling 
oxidizing and reducing conditions). Little recovery was evident on replacement 
of the leaded gasoline by lead-free gasoline.^. The ijercentage of initial hydrocar- 
bon oxidation activity at 800° F remaining after 500 hr of aging was about 83 
percent, 70 percent and 62 percent for lend levels of .3, ,3.5, 70 nig Pb/gnl respec- 
tively. (See Figure 2). A simple extrapolation to 0 mg Pb gal suggests that the 
catalyst lost 15 percent of initial activity for reasons other than lead. It appears 
that each mg Pb/gallon will result In lo.ss of 0.5 percent of initial hydrocarbon 
oxidation activity after 500 lir of aging under typical conditions (1000-1250° F, 
oxidizing and reducing). 

By comparison, previous proposed maximum lead levels in lead-free gasolines 
for 1975-76 are higher: 

20mgPh/gal (GM) (21). 
50mgPh/gal (EPA) (22). 
70 mg Ph/gal (ASTM, proposed revision) (23). 
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The proposed level of lead Is probably below what the ASTM and the Army 
believe will be found as a typical lead contaminant level "which results from con- 
tamination when good refinery and distribution practices are followed" (23). 
Sulfur 

The previous mentioned Ford study (20) also examined the effects of low 
levels of sulfur (0.02 wt %, 0.07 wt %, 0.12 wt %) on NO, conversion efficiency 
for up to 200 hr in the presence of 50 mg Pb/gal, the proposed EPA level. After 
lOO hr, the NO, activity diminished to a plateau of about 75. 44, and 36 percent 
of the initial value. A curve through the three points (plateau N0« efficiencies 
versus percent sulfur) passes through 100 percent at zero percent sulfur. 
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FIGURE 2.—Effect of Lead on Oxidation Catalyst Efficiency 

• •••*•* 
FAILimB INDICATORS 

The need for failure indicators is well recognized. While there are some ideas 
on such devices, there have been no experimental demonstrations. It is partic- 
ularly difficult to design a short test on an automol)ile with a warmed-up engrine 
and catalyst to simulate the EPA cold-start test procedure. 
Overtemperature 

Thermo-sensors are obvious choices, but tlielr durability in exhaust systems 
is not establLshed. UOP has informally suggested a pyronietric plug in the oxida- 
tion reactor wall: Overtemperature would melt the plug, resulting in an audible 
whistle (6). 
Deactivation 

UOP suggests a service station test for the oxidation bed: Short one spark 
plug, measure hydrocarbon emission (idling engine) ; if HC emission is less tJian 
50 ppm, OK ; above 50 ppm, deterioration ; above 500 ppm, dead (25). 

RECTCLE or OATALTTIC   MATEWAL8 

The low costs and relatively large supplies of substrate materials and base 
metal catalytic components make it unrealistic to consider reclamation of these 



202 

materials. However, recovery and recycling of noble metal from used exbaiist 
catalysts can have a signlflcant impact on the annual requirements for new sup- 
plies. At let'els of 0.7 oz/car, recovery of the noble metal is fea.sible; it i.>» doubtful 
if levels below 0.05 oz/car (this corresiwnds to a value of about $7 of the noble 
metal at today's prices) could be economically reclaimed. Figure 5 shows ttie 
amount of new platinum that would be required each year until 1{»90 assuming 
0, 50, 75, or 90 percent recovery of the noble metal (3). These data assume a 
platinum loading of 0.7 oz/car and a 50,000-mile durability. If the converters 
must be recharged in less than 50,000 miles, the noble metal consumption will l>e 
even larger than indicated. 

TOXICITY  OF   AUTOMOBILE  EXHAUST  CATALYSTS 

Almost all the materials being considered a.s components in automobile ex- 
haust catalysts are somewhat toxic. Table 8 lists several of these materials 
and their relative toxlcities. Selected data were taken from Sax's Dangerous 
Properties of Industrial Materials (6). and in most cra.ses the toxicity values 
apply to several "respresentative" compounds that contain each imrticular metal. 
Sax defines toxicity as "the ability of a chemical molecule or compound to pro- 
duce injury once it reaches a susceptible site in or on the body." 

• •***•• 

The two major divisions of Table 8 refer to the length of exposure to the 
compound, with "acute" meaning of short duration (seconds, minutes, hours) and 
"chronic" meaning long or repeated exiKisure (days, month.s, years). Tlie sub- 
divisions refer to the location of the harmful effect, with "local" meaning action 
limited to the point of contact and "systematic" meaning action occurring at 
places other than the point of contact. The toxicity values range from nontoxic 
(0) to severely toxic (3) ; the symbol U is used when the toxicological effect 
is unknown. 
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E^ouRE 5.—Batimated new platinum demand annually at several assumed pcr- 
ccntagcs of platinum recycled from scrapped light-ditty vehicle converters 
and converter trade-ins (assuming a converter life of 50,000 miles) 
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TABLE S.—TOXICITY Of SOME COMPOUNDS THAT MIGHT BE USED IN AUTOMOBILE EMISSION CONTROL 
CATALYSTS 

Maximum 
Acule Chronic allowable 

concentration 
Compound Local          Systemic Local          Systemic    inair(mg/M>) 

Lead compounds..  0                    3 0 3                 0.15 
Chromium compounds  3                     U 3 3                      .1 
Nickel compounds  1                      1 2 2                      .5 

Nickel carbonyl  3                      3 1                      3  
Manganese compounds  U                      2 U 3                  15.0 
Copper compounds  12 1                      1   
Metal carbonyls...  3                      3 U                      3  
Alumina  10 2                      0  
Silica  2                      0 3                      1   
Cobalt compounds  1                     1 1 1                     .5 
Tungsten compounds  tj                      1 U                      I   
Magnesium cojipounds  12 2 0                 15.0 
Ruthenium compounds _  (i)                    (') (') (')                    •"' 

Ruthenium tetroxide  2                    li U                    U  
Platinum compounds  (i)                    p) (>) O)                     (>) 

Palladium compounds   (')                    (>) Q) P) 
Mcfoiry  'i 

> Details unknown, but probably toxic. 
' Very low toxicity. 

Source: Sax, 1963 (refs. 6,7). 

Note: 3—very toxic; 2—moderately toxic; 1—slightly toxic: 0—nontoxic; U—unknown toxicity. 

There are three ixjssible sotirce.s of toxicological danger associated with 
automobile exhaust catalysts: in emissions of tlie material into the atmosphere 
(luring automoliile operation, in tlie manufacture of the catalysts, and In the 
installation of the catalysts in the automobiles. 

Most of the com|K)unds listed in Table 8 are low vai>or pressure solids that 
can only escape from the exhaust system as very line airborne dust particles 
formed by catalyst attrition. Tlie predominant mechanism for incorijoration 
into the body would be by inhalation of contaminated air. A few comiwunds, 
such as metal carbonyls and ruthenium tetroxide. are liquids under ambient 
conditions and have boiling iM)ints less than ](J0° C While not present in the 
original catal.v.st, these compounds might l)e formed by reaction with the exhaust 
gases and emitted into the atmosphere in the vapor state (16, 17). Fortunately, 
these compounds decomi>ose at relatively low temi)enitures, so even if they 
were formed in the converter, they would probably decomiwse before they 
escape. The only time significant emission is likely to occur is during warm-up 
after a cold start. 

In actual practice, tests with monel catalysts (Cu-Xi alloys) have shown 
no evidence for emis.sions of signiticant iiuantities of Xi(CO)i. Ruthenium is 
slowly depleted from reduction catalysts, and this is presumed to occur through 
formation of RuOi when the catalyst is used under oxidizing conditions during 
cold start operation (17). Most companies who favor use of ruthenium are 
working on ways to avoid RuOi formation, and it is hojx'd that this problem 
can be adequately solvetl (17, 18). 

Regarding actual measurement of imrticulate emissions from catalysts, GM 
has reporte<l tests with and without base metal catuly.st.s, using either leaded 
or unleaded ga.soline (17). The results are sununarized in Table 9. The primary 
source of particulate matter is due to the lead in the ga.soline, although com- 
parison of the last two rows of the table indicates that some imrticulate matter 
may come from the catalyst as well. Assuming the upi>er limit on particulate 
matter from the catal.vst (0.02 g/mile), this corresponds to about 1 lb./20,0OO 
miles. However, it is thought that monolithic and pelleted catalysts that have 
been "stabilized" and "pre-attrited" will give particulate emi.ssions far below 
the values observed in this test. Even at wor.st the projected catalyst particulate 
emissions are an order of magnitude less than the present lead emi.ssions, and 
Table 8 indicates that none of these materials is much more toxic than lead. 
It is therefore concluded that there will be no significant toxicological hazard 
from ijarticulate emissions of any of the materials now being seriously considered 
for use In automobile exhaust catalysts. 
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For years catalyst companies have l)eeii safely manufacturing materials far 
more toxic than these proijosed exhaust catalysts, and it is thought that 
toxlcological dangers associatetl with production of these materials can easily 
be avoided. However, installation and replacement of these materials in the 
cars may iiose the greatest danger. It is quite likely that dust imrticles from 
the catalysts will be formed during such an operation, i>articularly in the case 
of beaded or extruded catalysts. This could create a hazardous environment 
for the mechanic who may carry out man.v such oi)erations daily. Chromium 
compounds are i)articnlar!y dangerous, as chromate salts have been a.ssociated 
with cancer of the lungs (6, 7). Special installation techniques may have to 
be imposed to protect the mechanics. 

TABLE 9.—PARTICULATE EMISSIONS FROM AUTOMOBILES 

Psrticulate emissions 
Gssoliiie Catalyst (jm/mile) 

3gm Pb/gal  None 0.2 to 0.3. 
No Pb  do 0.01. 

Do  Base metal pellets 0.01 to 0.03. 

Source: Klimisch, 1972 (reterence 2). 

EXCERPTS FROM ENVIRONMENTAL PROTECTION AGENCY PROPOSED METHODOLOGY FOB 
ASSESSING AVAILABILITY OF TECHNOLOGY FOR MEETING 1975 MOTOR VEHICLE 
EMISSIONS STA.XDARD 

Proposed for comment as part of the proceedings by the Environmental Protec- 
tion Agency to consider applications by five motor vehicle manufacturers for 
suspension of the effective date of the 1975 motor vehicle emission stand- 
ards—March 9,1973 

INTRODUCTION TO METHODOLOGY DISCUSSION 

The methodology presented and discussed here constitutes a proposal. It Is 
subject to revision upon the basis of the oral and written comments introduced 
Into the record of the pending proceeding upon the applications of five new 
motor vehicle manufacturers for a one-year suspension of the effective date 
of the 1975 emission standards applicable to such vehicles. 

This proposed methodology was developed prior to receipt of the applicants' 
uiKlated applications. It attempts to take into account those criticisms and sug- 
gested revisions of the methodology used In the Technical Appendix to the 
Administrator's Decision of May 12. 1972, which were thought to be meritorious. 
This was done to provide the applicants and other participants in the proceeding 
with maximum time to develop and submit comments on the methodology 
which EPA should us in making a final decision on suspension of the 1975 
emission standards. 

EPA has been unable to analyze in depth the methodologies submitted by 
Ford Motor Company, Chrysler Corporation. General Motors Corporation. Inter- 
national Harvester Company, and American Motors Corporation in their post 
remand submissions and to revise EPA's propo.sed methodology as would appear 
warranted by this analysis. Of course, such an analysis will be undertaken prior 
to the final decision. In addition. EPA Invites testimony at the public hearings 
and written comments for the record for the purpose of determining the mast 
appropriate methodology to be employed at the time of the Administrator's 
final decision. 

To a large degree, the final methodology will depend on the data which is avail- 
able in the record to quantify the effects of the various factors which must be 
considered. An absence of reliable data has in some cases necessitated the pro- 
jjo.sed use of factually unsupix)rte<l assumptions in this proposed methodology. 
These assumptions have been developed, however, to reflect the expert judgment 
and past experience of the Agency's technical personnel. Comments and data are 
particularly .solicited on those aspects of the methodology as to which an absence 
of reliable data has necessitated the use of assumptions or factually unsubstan- 
tiated correction factors. Any person who imrtieipates in the suspension proceed- 
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Ing by written submission or oral statement shall be deemed not to take issue 
•writh the nature, scope, or dimension of the assumptions and correction factors 
used in this methodology, unless express disagreement, the basis therefor, and 
alternative assumptions or correction factors have been registered by such 
particiiwnt. 

The proposed methodology only treats the question of the availability of effec- 
tive technology to iwrmit a given vehicle to obtain certification of conformity 
Tvith the 1975 emission standards. The issue of what is the most appropriate 
methodology for i)redicting the availability of effective technology for new motor 
vehicles on the assembly line and in use will be addressed subsequently. Com- 
ments and data relating to these issues are also solicited. 

BASIC  DESCRIPTION   OF THE   METH0D0UX3Y 

To determine the capability of a manufacturer to certify for model year 197.'). 
this methodology follows the 1975 certification process whenever possible. In cer- 
tification, a test fleet is selected l)y Kl'A based on a manufacturer's planned 
prwluct line. The product line is divided into engine-system combinations, each 
of which must demonstrate its ability to meet the standards through te.st results 
taken during ."»0,000 miles of durability. A minimum of one vehicle per engine- 
system combination is selected for durability, although a manufacturer may test 
additional vehicles and combine the results. A deterioration factor (DF) is 
derived from the durability vehicles as a measure of the system effectiveness over 
its useful life (50,000 miles). The interpolated 4,000- and 50,000-mile points from 
the DF calculation must be below the standard. 

This methodology will describe the method that will l)e used to determine DPs 
for a manufacturer's 1975 product line l)a.sed on his testing of prototype vehicles. 

Certification also requires selecting emission-data vehicles and determining 
their 4,000-mile emi.ssion levels. The.se emission levels are adjusted using the DF 
and compared with the standards to determine whether an engine family meets 
the certification requirements. 

This methodology will discuss techniques used to select emission-data vehicles 
from a manufacturer's product line and techniques used to compare them to the 
standards for 1975. For the purposes of this methodology, each vehicle will be 
as.sumed to be in a different engine-system combination, unless proven otherwise 
in data submission. 

ADJUSTMENTS  TO THE   DATA 

In many cases the set of data available to EPA will be less than ideal. Only 
when a manufacturer has accurately te.sted a fully developed maximum effort 
system calibrated for the 1975 Federal standards using .03 grams of lead per 
gallon on the AMA mileage accumulation schedule will the use of adjustment 
factors be obviated. 

The exact method for employing the.se factors will depend on the characteris- 
tics of each set of data available. In .some ca.ses it will be )M)ssible ot calculate 
the 4000 mile X DP values or the extrapolated ,50,000 mile values first and then 
apply adjustments, while in other cases individual data i)oints may have to be 
adjusted before a DF can be calculated. Some combination of the above may 
al.so be necessary. 
Lead Effect Factors. LEF„r and LEFco 

When the lead level of the fuel use<l for mileage accumulation Is different 
from .0,3 grams per gallon, adjustments must be made to account for the differ- 
ence. All corrections will be made to a final lead level of .03 gi)g. Unless lietter 
data is made available during the hearings, the lead adjustment factors will 
be l»ase<l on data supplied to EI'A in the March 1973 siispension recjuest update 
submitted by Ford Motor Company. Tliese data indicate that lead levels higher 
than .06 caii.se more rapid )iolsoning of the catalyst with subsequent increases 
in the 4000 mile emission levels while levels less than .0:} result in lower 4000 
mile emissions. The loss in catalyst efficiency between 4000 miles and 50,000 
miles, however, is apparently Icim severe with somewhat higher lend levels than 
with .03. At lead levels lower than .03 the loss in catalyst eflBciency Is ap- 
parently more severe for CO and less severe for HC. While this effect on 
DF may seem paradoxical on the surface it actually is not. The effect on DF 
should not be confused with the effect on emissions. The Ford data indicates 
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that If two identical cars are run on two different lead levels the car with the 
higher lead level will have higher emission levels at every jioint between zero 
to 50,000 miles even though the VF for that car is lower. The rate of catalyst 
|K>isoning appears to in- inversely proportional of tlie level of jxiisoning already 
experienced. It is the rate of poisoning between 4000 and 50,000 miles, not the 
level of jKiisoning. that affects DF. The rate of poisoning for the higher lead 
level case is lower between 4000 and 50,000 becau.se tlie level of poisoning Is higher 
at the 4000 mile ix)int. Even though a catalyst run at a liigher lead level luay 
be less effleient at every iwint between zero and 50,000 miles its DF, between 
4000 and .50,000 miles, could t)e lower. 

The most obvious example of why this is true might l>e the case where one 
catalyst is subjected to .03 giJg lead and another catalyst is subject to one 
hundred times that level. The catalyst using .OS fuel might uniformly deteriorate 
from 90Vr to 00% efl3ciency in .50,000 miles while the catalyst u.sing 3 giig fuel 
might deteriorate from OOT-'r to 07r in only 4000 miles. The DF for the 3 ej<K 
catalyst could be 1.0 between 4000 and .50,000 miles even though it Is completely 
poisoned and ineffective. The DF for the high lead level ease is lower even though 
the emissions are higher. I'nless l>etter data becomes available, adjustments 
will be l)a.sed on the data supiilied by Ford. 

Since the 0 to 4000 mile factor and the 4000 to .50.000 mile factor are always 
used in conjunction, a compo.site factor has been developed. This factor Is 
different for HC and CO. This factor is derived from the table includetl and 
labeled "I»ad Factor". To convert the extrapolated 50.000 mile emissions from 
a vehicle oi)eratetl with a fuel lead level different from .03 gpg. enter a graph 
at the different lead levels and read the value of the lead effect factor. Multiply 
this factor by the uncorrected .50.000 mile emission value. The result is the 
corrected emission level for .03 g])g fuel. 

The values of the lead factor are: 

HC • 
Pb=.0O3  1. 5 
Pb=.03  1. 0 
Pb=.05  . 84 

CO: 
Pb=.003   1. 3o 
Pb=.03      1. 0 
Pb=.05      . 76 

Construct a graph with lead level on the X axis and Lead Factor on the Y axis. 
Draw straight lines between each point in the table. Extrapolate the lines to 0.0 
for sterile fuel. 

The.se factors are not simply a 10% correction factor. T'se of this methodology 
will increase the emission values at 50,000 miles by 32% for HC and 23% for 
CO, when converting from .01 gpg to .03 gpg for example. 

laiip Factor, SF 
Another adjustment applical))e to 4000 mile levels may be some sort of slip 

factor. Tliis adjustment would account for the differences between the com- 
ponentry used on tlie current protot.vpes and that which could be u.sed during 
certification. Unless a manfaeturcr can prove tliat a difference in emi.ssion control 
would be exi>erienced with production design versions of his control .sj-stem. 
this factor will lie 1.0. 

Mr. PRKYKR. YOU raised the question of maintenance, and certainly, 
during the init ailuse of catalytic converters there were some serious 
questions raised alx)ut the deterioiation of thes econverters. 

What do you feel the maintenance experience will be on these? Will 
thev be effective for .50.000 miles? 

Mr. Coi.E. Are you addressing tlie question to me ? 
Mr. PREYF.R. The whole panel. 
Mr. Cor.K. Well, as long as the microphone is here. T will try to an- 

swer that. We have said publicly that we are designing our converters 
to go at least for the 50.000 miles and still meet the standard without 
replacement. 
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Xow. there are more things to this system than simply the catalyst. 
It involves carbnretion, ifmition, valve timinjj and the exhaust jras re- 
circiilation system. "We are talking: about the complete system. With un- 
leaded fuel, we say the maintenance is reduced, because we do not have 
the lead salts and the lead deposits that usually interfere with the ef- 
ficiency of our emission control devices. And we expect to run spark- 
plugs for 50.000 miles: we expect to run our ignition system for 50,000 
miles, and our carburetion systems for that length of time and still 
maintain the relatively good efficiency as far as the overall emissions 
and fuel economy are concerned. 

Mr. PREYER. Do the rest of you feel that that is practical ? 
Mr. MiscH. I think it should be clarified that the difference in main- 

tenance requirements is not associated with any benefits from the cata- 
Ivst. except to the extent that a catalyst demands unleaded fuel, and 
the unleaded fuel does have the advantage of eliminating lead salt 
deposits. 

Mr. TERRY. I have a couple of additional points I think should be 
made. One is, our tests show what happens after you run on a tank of 
unleaded gasoline, and then put in a tank of leaded gasoline—and run 
it through the catalyst, followed by lead-free gas again, our tests show 
there is some recovery. 

Suppose you start out at 90-percent conversion efficiency. You might 
go down with one tank to 80 percent, and you might come back up to 
85, but you would never get it all back, according to our tests. It is 
progressive. You lose conversion efficiency continuously as you iise 
lead. You do come part way back, but you never get all the way back. 

Now, as far as maintenance is concerned, there are a lot of things 
that can be done to improve and reduce maintenance costs. I am sure 
this committee has heard that one of the elements that we are talking 
about is the electronic ignition, as we call it. which is a point-free anal- 
ysis shows that this does, indeed, reduce maintenance requirements 
over a •2-year period for tiie customer of up to $100 estimated. So this 
is one of the things that does reduce maintenance but is completely in- 
dependent of the use of catalysts. I tiiink that is an important point. 

What we are most concerned about, as far as catalvsts are concei-ned, 
is that, in order to get improved durability, driveability, and fuel econ- 
omy ciiaracteristics. tiiat we go back and retune our engines to some- 
thing close to what they were before we had emission controls because 
that is what we were aiming at then. With tliese adjustments if the 
catalyst does fail, the emissioii level would be higher than it would be 
for the engine modification systems without catalysts that we are now 
putting on our cars. 

Tn other words, we would be tuning for these other things, but de- 
tuning as far as the emissions control is concerned. And, if. indeed, it 
turns out that tiieie is a high percentage of failure of catalysts in the 
field—and cert-ainly, it is going to be ven* iiard to monitor this kind 
of perfonnance—if it turns out tliat there is a high incidence of 
loss of conversion efficiency by the catalysts, we could easily end up 
where the air woiild l)e dirtier than it was if we carried over the 1974 
requirements. 

Now, another point that should be made is the level that we are talk- 
ing al)out. You see, the easy thing from an engineering point of view, is 
to say, put the catalyst on, because then you have a nice, low level of 
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emissions and you do not have to worry about all of the other things 
that contribute to emissions. The catalyst cleans up your exhaust sys- 
tem, and takes away a lot of your problems. But, on the other hand, 
if the catalyst loses its convei-sion efficiency, you are not doing: the job 
in the engine, where we have thought fi-om tlie begiiming we should be 
doing the job. We know from experience with our engine system that 
we can last and can maintain low emissions level. Ajid so we feel that, 
while it is an easier way out from the standpoint of the initial design 
of the car and the initial testing and certifying of it, it may well not 
Ije—and we do not think it is-—the best thing from the standpoint of 
the millions of cai-s that are going to be built and distributed and used 
by the public. 

Mr. COLE. Could I make a point there, Sid, just a second? 
Mr. TERRY. Sure. 
Mr. COLE. I think we want to distinguish the difference between 

the systems tliat we are talking about. There is a distinct difference 
between our systems. And I do not want to take the time to give yon 
a technical explanation of our system, except, when we talk about elec- 
tronic ignition. We are talking about a new approach to electronic 
ignition, wliere we are able to spark a gap in a sparkplug up to 
eighty-thousandths, instead of up to tlie traditional thirty-five thou- 
sandths. We are able to impress across those points around 35,000 
volts of electrical energy, and we are also sparking that gap three 
times as long as in the traditional system. 

Now, this permits us to run one and a half, at legist one and a half, 
air fuel ratios leaner tiian the traditional system. So that by running 
leaner, we are able to improve our fuel economy. At the same time, yve 
can provide tlio O2 or the oxygen in the system that the catalyst 
needs to convert CO and HC into CO2 and water vapor. So, I think 
when you talk about a catalyst, you should take a look at the differ- 
ences in the systems and how they have been designed to accomplish 
this entire requirement. And that is where we believe a part, of tlie 
improvement m fuel economy has been developed with the General 
Motors system. 

Mr. TERRY. Well, we feel we are the original exponents of the lean 
burner. This has been our approach from the beginning, and we cer- 
tainly agree with Mr. Cole on that. 

Mr. RoGF-RS. May I interrupt ? 
I am sorry. The full committee has issued a call. 
If you gentlemen will be^r with us, we hate to ask you to do this, 

but we will reconvene at 5 o'clock. 
Now, while we are gone, if you do not mind, I would like for you 

to \dsit with the couple of young men from New York who have 
developed a device on the Matador  

Mr. COLE. We know them. 
Mr. ROGERS. If you could talk to them a little bit, then I would like 

to get into some discussion of that a little later, if they could come up 
and talk to you while we are gone. 

Mr. TERRY. I do not think we can talk to them as a group, can we? 
Mr. ROGERS. Under the auspices of this committee, you could, under 

the eyes of the Government. 
The committee recesses until 5 p.m. 
[Whereupon, at 3:30 p.m., the subcommittee was recessed, to recon- 

vene at 5 p.m. the same day.] 
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[The subcommittee reconvened at 5 p.m., Hon. Paul G. Rogers, 
presiding.] 

Mr. RooERS. The subcommittee will come to order. 
We will continue the questioning. The members will be here 

presently. 
Mr. Hudnut, do you have any questions at this time ? 
Mr. HUDNUT. Thank you, Mr. Chairman. 
I would like to ask Mr. Cole a couple of questions. The first has 

to do with the statement that was attributed to you in an interview 
you had with the Assoc-iatt'd Press relative to the amount of gasoline 
that could be saved per day if we were temporarily to suspend the 
present requirements and revert to tiie standards for the 1969 auto- 
mobiles, and I was wondering if you could refresh my recollection on 
exactly what you said and expand on that a little bit. 

Mr. COLE. Yes. 
I want to make it clear that General Motors is not recommending 

that we take away the emission controls. We felt because we were 
asked what effect removal would have, that we owed some of the 
pteople in Government this information, and we provided this informa- 
tion. 

In General Motors' case, if we would remove some of the control 
devices that we currently have on the 1970, 1971, 1972, 1973, and 
1974 cars, we have estimated that it would save 5 percent of fuel 
economy on the 1970 cai-s, 2 percent on 1971, 5 i^ercent on 1972, 6 
percent on 1973, and 6 percent on the 1974 cars. Now, this, nationally, 
adds up to roughly 2,700,000,000 gallons of fuel on an annual basis, and 
this would be available if you could do this immediately. Then this 
total amount could be conserved. 

Then we also calculated the effect on ambient air quality because 
of these changes in emissions from cars and we have this information. 
If you would like to have us enter it into the record, we would be 
happy to do it. 

Mr. HUDNUT. If the Chairman thinks  
Mr. RcxjERs. Without objection, it will te made a part of the record. 
[The following information was received for the record:] 

EFFECT OF RETROFIT ON AUTO EMIBSIO.NS FOR 1970-74 CARS 

The effect on air quality from a program to increase fuel economy by re- 
movinK some emissions controls' and retro-tuning engines can be determined 
from data Indicating the changes In emissions from 1970-74 cars If such a 
program were imposed on them. Mgure 3 indicates the increased hydrocarbon 
emissions and Figure 4 indicates the increased carbon monoxide emissions. 

29-172 O - 74 - 20 
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Mr. HuDNUT. Tliank you. 
Mr. Chairman, I know you have many questions, so no further 

questions. That is fine, thank you. 
Mr. ROGERS. Let me ask some questions until the other members 

arrive. 
What about improving mile per gallon by a performance standard? 

What is the reaction of the industry to this ? 
Should this not be done? 
If anyone commenting would just pass it around. 
Mr. MrscH. We are talking about a fuel economy performance 

standard ? 
Mr. ROGERS. Yes. 
Mr. MiscH. Well, our opinion is that there are several rather major 

problems with the establishment of performance standards that would 
accomplish the obvious desirable result, and at the same time not be 
so encumbering and so limiting ujwn our industry that we could fail 
to produce the vehicles that are necessary for a viable transportation 
system. 

Now, we think that it is necessary that we have a generally accepted 
method of measuring and expressing fuel economy so it is imderstand- 
able to the consumer. We do not have such a method today. Each of 
us has our own approach to testing, and over time we have deter- 
mined that test which seems to correlate best with the fuel economy 
which our customers say they are getting with our vehicles. But as 
an industry we have no generally accepted standard. 

We think there should be a standard developed that the industry 
and Government agencies could accept as an appropriate method of 
determining and expressing fuel ecenomy 

Beyond that point we think that the marketplace provides adequate 
motivation and adequate incentive to the manufacturer to cause him to 
produce vehicles that are constantly better in improved fuel economy. 
We do not think that we would get the result that is desired by estab- 
lishing some firm, inflexible fuel economy standard. As we know at 
times it is difficult to amend such a standard when it is wrong. A stand- 
ard is not going to be as practical and as effective as the marketplace 
itself. 

Mr. ROGERS. Mr. Cole ? 
Mr. COLE. Yes; I concur completely with Mr. Misch. I would like 

to add that the EPA has commissioned the Society of Automotive 
Engineers to try to develop a standard for measuring fuel economy 
that could be used universally and where you could make direct 
comparatives. 

Herb, I understand that is underway, and there is some work 
being done, so I do not think we are trying to invent something new in 
this area. This is well underway and T completely concur with Ford's 
attitude toward the idea of setting some kind of a number of deter- 
mining, predetermining what the mileage performance for gas should 
be. 

Mr. ROGERS. Yes. 
Mr. TERRY. I know you commented some on the bill in your testimony. 
Mr. TERRT. Yes. Well, I think we should make clear from what these 

gentlemen have alresidv said is that we all agree there should be a stand- 
ard method of measuring fuel economy. Regardless of whether we have 
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any performance standards on fuel economies, that is desirable so we 
oan label and the labeling will be meaningful, and so that people will 
know tliat the different ratings for the different cars represent what 
they might expect to actually get if they were driving. 

We do not nave an accei^tjible method yet. We are working on it. 
Everybody agrees we should have it before we do anything. 

Now, as far as the desirability for setting minimum standards for 
fuel economy for cars, tliis is an entii-ely different matter because, if 
we say there is only going to be one minimum standard, for example, 
a minimum standard that no car can have worse fuel economy than 
let us say 10 miles a gallon, just for want of a better figure, that 
automatically rules out  

Mr. ROGERS. We all want a better figure. 
Mr. TERRY. Well, right. 
Mr. ROGERS. Includmgyou, I know. No; I understand. 
Mr. TERRY. What that does is rule out a whole class of vehicles. 
Mr. ROGERS. Yes. 
Mr. TERRY. But if we say, let's have more than one standard, one 

for this kind of car and one for another kind of car, and then we get 
into a whole pyramid of minimum regulations, that involves the 
tolerances and how you are going to measure it including the assembly 
line testing and warrantee and all of the rest of the things that go 
with it. 

Mr. COLE. Certification. 
Mr. TERRY. It would involve a whole new set of paperwork and 

requirements that would equal or surpass what we now already have 
on the emissions. The proulem is that these things are conflicting, 
and we get into a situation where we have got more and more regu- 
lations, more redtape and so on, all conflicting with each other to 
the point where you could be regulatetl to the jwint where you could 
not build cars, where you have the completely insoluble problem, 
just from the complication of all the interlocking i-egulations and 
redtape. 

So we do not believe that'minimum fuel economy standards are 
practical or workable as a means of reducing or improving the fuel 
economy of cars as a whole. We think it would be really an intolerable 
situation. 

Mr. ROGERS. Thank you. 
Dr. Carter, had you questioned? 
Mr. CARTER. NO, sir; I had not. I do thank you kindly. 
I believe that you gentlemen in the past have stated that if we 

went to lead-free fuel, it would cause a loss of 1 million barrels of 
crude a day; is that correct? 

Mr. TERRY. That was changed. We said 1 million gallons. 
Mr. CARTER. Yes. Well, I thought—it is written 1 million barrels. 
Mr. TERRY. That is right, and that is incorrect. 
Mr. CARTER. One million gallons, but there would be an increased 

use. 
Mr. TERRY. We figiire it is about a 6- to 7-percent increase in the 

use of crude for a given numl)er of miles traveled, everything else 
being equal, and the reason we figure that is because we are talking 
about coing from a 95 to 96 octane car with the higher compression 
ratio that you can put in that car, comparing that to the 88.5 octane 
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rating of a base pool, and on that kind of basis, counting the refining 
loss or the compression ratio loss, wliichever way you want to take 
it, the total is going to be in the range of 6 to 7 percent. 

Mr. CARTER. Six to 7 percent; yes, sir. 
Do you have a method of removing sulphates with your catalytic 

converter ? 
Mr. TERRY. NO, sir. I am afraid that sulphates are going to result 

from whatever sulphur there is in the gasoline, in the exhaust, some 
sulphates, regardless of whether or not you have a catalyst. It is just 
that with the catalyst you will have more sulphates in the exhaust 
than you would if vou did not have a catalyst. 

Mr. CARTER. Sulphur dioxide, if emitted, would become what on a 
misty day, that is, SOj if it is emitted from a catalytic converter. 

Mr. TERRY. Well, that could be a health problem, yes. We do not 
know. 

Mr. CARTER. Wimt would the result be ? 
Mr. TERRY. Well, you could get the formation of sulfuric acid mists, 

which of course would be harmful to health. 
Mr. CARTER. T certainly think it would be. 
Thank you, Mr. Chairman. 
I reserve the balance of my time. 
Mr. ROGERS. All right. 
Mr. Kyros ? 
Mr. KYROS. Tliank you, Mr. Chairman. 
Mr. Misch, there has been testimony on November .T bv Ford that 

it would manufacture all of its cars for 1975 for use with unleaded 
fuel; is that correct ? 

Mr. MISCH. That is correct; yes, sir. 
Mr. KYROS. And that with certain cars, like your small car, your 

Pinto, could be used only with unleaded fuel, and that they would 
be manufactured without a catalyst; is that correct ? 

Mr. Miscii. That is correct. 
Mr. KYROS. Would all your 1975 cai-s be designed to nm with un- 

leaded fuel? 
Mr. MISCH. Yes. The reason for that is that there is an aid in meet- 

ing the hydrocarbon standards if we use unleaded fuel as com- 
pared to leaded fuel. To reach the 1.5 gram hydrocarbon requirement 
for the 49 State 1975 standard in the noncatalyst cars we have elected 
to take advantage of the hydrocarbon reduction we get with unleaded 
fuel. 

Now. this decision, of course, must l>e determined well in advance, 
not only in production, but in advance of certifying for production. 
We must establish what fuel we are going to certify with, so we have 
already had to make that determination. Our certification tests for 
1975 have started, and if we certify them on one fuel, that is the fuel 
that we have to recommend then to the consumer. So if we certify 
with unleaded fuel, then all of those vehicles will lie equipped with a 
special filler neck that requires a special nozzle from the pump to use 
that fuel. 

Mr. KYROS. All right. 
What alx)ut the statement in the testimonv from the gentleman from 

Chrysler Corp. that lead-free fuel has a eiven penalty in the loss of 
crude oil at the rate of 1 million barrels a day ? 
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Mr. SYMINGTON. Gallons. He has written, barrels, but he means 
gallons. 

Mr. KYROS. Right. 
Mr. Miscir. We have noted the statistics that have appeared in testi- 

mony by various oil companies and othere relative to this loss in crude 
that is attributable to the manufacture of lead-free fuel. We said that 
we could see in our 1975 vehicles that use catalysts about a 3-percent 
improvement in fuel economy over 1974, but that that probably would 
be offset by losses due to yield per barrel crude, and we concede that. 
And it is for that reason that we made the point that in 1975 our Ford 
vehicles—if built to comply with 1974 carryover standards using 
leaded fuel—would have the same average fuel economy as they 
would if we utilized catalysts across the board and unleaded fuel. 

Mr. KiTtos. Now, what about this fact also a])|>earing in the testi- 
mony by the gentleman from Chrysler, that only 45 percent of the 
Nation's gas stations will have leiid-free fuel ? 

How does that jibe with your use in all of your 1975 cars of un- 
leaded fuels? 

Mr. Miscii. We have concern about the availability of lead-free 
gasoline. There is one thing about it; the catalyst vehicles, of course, 
must have unleaded fuel. They actually will operate improperly and 
the catalysts can be destroyed if they are fed leaded fuel consistently. 

The noncatalyst cars will temporarily—for the period of time m 
which they are fueled with unleaded gasoline—build up some addi- 
tional deposits. There is more of a buildup of the emission of hydro- 
carbons than we would noiTnally anticipate, but we do think this heals 
again when we run it out with the unleaded fuel. 

Mr. IvYROS. So your cai-s woidd be imleaded, noncatalyst, and you 
want a 1974 carryover. 

Mr. Misni. Our cars, to meet the 1975 interim standards, would be 
a mixture of catalyst and noncatalyst but would operate on unleaded 
fuel. That is our plan. We are concerned because of the energy situa- 
tion, and really the tmknowns of what are we going to have, rationing 
or allocations or you name it^  

Mr. KYROS. We will have everything. 
Mr. MiscH. Whatever it is, it is going to be a confused situation for 

a while, and we are, saying. "T^et us not take the plunge to make an 
absolute requirement for unleaded fuel until this thing straightens 
out a little bit." 

Mr. KYROS. Thank you, Mr. Misch. 
Thank you, Mr. Chairman. 
Mr. RooKRR. May I clear up one point there? 
Now, when is the deadline for this decision to be made? 
In other words. EPA says spnng is a sufficient time. 
Mr. MiRCir. Well, if I undei-stand EPA's testimony, T did not really 

read it verbatim, but if I undei-stand it correctly, they said there is 
no need to take any action with regard to 1976 requirements until 
spring. 

Mr. RooERS. Yes, this is right, spring of 1974. 
Mr. MiRCH. Right. We take issue even with that. It is too late even 

for 1976. One of the reasons we are encouraging this committee to 
consider an amendment to the energy bill is because we really need an 
answer by the end of the year if at all possible. I heard in your full 
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committee meeting, tliat you were talking about adjournment until 
late in January. If we have to wait until February or March, we will 
be too far down the i-oad to take any reasonable action with regard to 
1975 for certain, and we will really be late with respect to 1976. 

That is the reason we are arguing for an early decision. 
Mr. ROGERS. This is what I am wondering. Could you still take 

action on 1975? 
Mr. MiscH. Yes, sir. We could take action on 1975 if it were one 

of two things. If it were a carryover of 1974 we could do it because 
many of our cars are, already certified to those levels. It would have 
to be stipulated that the carryover standards would be maintained 
with the procedures and regulations that were used to certifj' to those 
standards in 1974. Everything would have to stay the same. 

I will say that for Ford Motor Co.. we would have one additional 
problem. We have some new cars coming out in 1975 that have never 
been tested to 1974 levels, and therefore never certified to 1974 levels. 
We would have to take on the certification task of those to a new 1974 
level. They are at the moment being run to 1975 levels with catalysts 
or with unleaded fuel, so we would have that turnaround. 

"Wliat we are saying today is that it is late. In certain instances on 
these new cars we might have to say that we are not going to make it 
by time of our normal production date. 

Mr. ROGERS. What do you have to do for 1975 ? 
Mr. MiscH. For 1975 we are in the process of carrying out our 

certification program right now. We have started. 
Mr. ROGERS. In other words, you do not have to take any additional 

action now. 
Mr. MiscH. If the final action was to establish the existing stand- 

ards for 1975 models. 
Mr. ROGERS. Was 1975? 
Mr. MiscH. We would have no further action to take for 1975. 
Mr. ROGERS. Yes. 
Mr. MiscH. But we do need to know definitively what it is. 
Mr. ROGERS. I understand. 
Mr. MiscM. And I really believe that this is one point, if none other, 

of agreement. We need to know real quickly what is going to happen. 
Mr. ROGERS. I think it would be well for all of you to go on record 

stating the time clement. 
As I understand it, all of your basic decisions have already been 

made and cranked in for 1975. 
Mr. MiRCH. That is correct. 
Mr. ROGERS. Would that be true with Chrysler, so that you can move 

on 1975 ? 
Mr. TERRY. What we are doing, we can move on 1975, but what we 

are doing with our 1975 certification is we are running both catalyst 
and noncatalyst in a number of different cars, parallel programs to— 
well, for two purposes, both to see if we can actually meet the 1975 
emission levels, Federal interim emission levels without catalysts, even 
the 1975 levels, and also in case, of course, it is carried over, we could 
use those cars in the certification cars at the 1974 levels. 

Mr. ROGERS. Of course. I understand. 
Mr. MiscH. Mr. Chairman, there is one other point, and that is with 

regard to this timing, and maybe the other gentlemen can speak to 
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this point, too, and that is the point I made that it is late for 1976 as 
well. If no action is taken by Congress, 1976 would require that we 
then meet a new standard of .41 hydrocarbons, 3.4 carbon monoxide, 
and 2 grams of oxides and nitrogen. I would like Mr. Cole to address 
this issue—I think we all agree if we take that step, there will be a 
further loss in fuel economy by each and every one of us. 

Mr. ROGERS. For 1976. 
Mr. MiscH. For 1976, and so time is wasting as to what we are sup- 

posed to be doing for 1976. This also makes it very urgent that Con- 
gress take action. 

Mr. ROGERS. Yes; I understand that. 
Mr. Cole, you may just like to comment, and then I will turn it over. 
Mr. COLE. We certainly agree with both Ford and Chrysler, and 

I would like to straighten out one thing. If the 1974 standards that 
we have today prevail in place of 1975 interim standards, and that 
decision has to be made by a congressional recommendation or action, 
as I understand it, General Motors would use the 1974 system that we 
have now in production in 1974, and we would expect to continue 
roughly the loss in fuel economy that we have said we would gain if 
we used the catalytic converter for 1975, or the 13-percent differential. 
This is because we do not have time to work up new systems for 1975 
certification. So we would have to rely pretty much on the technology 
that we have in place for 1974. That is about that position. 

Now, the point  
Mr. ROGERS. SO you would experience a fuel loss if you were re- 

quired to do the 1974 standards in 1975. 
Mr. COLE. That is right. 
Now, we could elect to use our 1975 system even with the 1974 stand- 

ard, and get the fuel economy gain that we have talked about, but 
then we would be at a competitive cost disadvantage in the market- 
place. This is a business decision, and we are going to have to determine 
whether the gain of 13 percent in fuel economy has a sufficient com- 
petitive advantage to offset the cost increase of the 1975 system. That 
is a business decision. 

Mr. ROGERS. Sure, I imderstand. 
Mr. Heinz? 
Mr. HEINZ. Yes; thank you, Mr. Chairman. 
Mr. COLE. If I may interrupt, I would like to make one other point, 

if I may. 
Mr. RoGER-s. I did not mean to interrupt you. 
Mr. COLE. I go further and say we do not have the technology today, 

with the catalyst or without, to meet the promulgated 1976 standard 
that is now on the book. 

Mr. ROGERS. Which goes to the NOx, mainly, I presume ? 
Mr. COLE. NO. It goes to the .41 of hydrocarbons and 3.4 carbon 

monoxide, and the 2 NOx, and we simply do not have that technology 
to accomplish that today. We have told the Senate committee that we 
simply would have to be out of business, because we could not certify 
our cars to that level for 50,000 miles. 

Mr. MiscH. Mr. Chairman, we told the Senate committee the same 
thing, and I think we told your committee earlier this spring. 

Mr. ROGERS. Thank you. 
Mr. TERRY. We agree that we do not have the technology for 1976. 
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Mr. ROGERS. Thank you. 
Mr. MiscH. Once a^ain, it indicates why it is so urgent we get some 

action relative to 1976 as soon as possible. 
Mr. COLE. If we do not get action, we are out of business. 
Mr. ROGERS. Yes. 
All right, Mr. Heinz. 
Mr. HEIXZ. Thank you, Mr. Chairman. 
Mr. Misch, I was interested in something you said with respect to 

your 1975 models. You said that some of your cars would use catalysts, 
others would not ? 

Mr. MISCH. That is correct. 
Mr. HEINZ. You also said that all would use unleaded gasoline. Is 

that correct? 
Mr. MISCH. That is correct. 
Mr. HEINZ. 'Wliy is it that you must use, or choose to use, unleaded 

gasoline in noncatalyst cars ? 
Mr. MISCH. There are two reasons. One of the reasons is. in order 

to meet the more stringent hydrocarbon standard for 1973—the 1.5 
grams per mile of hydrocarlxm. We get an advantage in using un- 
leaded fuel, because of the difference in the cylinder deposits between 
leaded and unleaded fuels. The unleaded fuel allows us to meet the 
hydrocarbon standard on some cars where we would not otherwise 
be able to comfortably meet it. That is one reason. 

The other reason is related to the maintenance requirements during 
certification, and of course, in the field. With leaded fuel, because, of 
deposits, we would have to have warning devices with regard to certain 
portions of the system in order to indicate that they were malfunction- 
ing, and, therefore, that they required maintenance. We do not have 
such warnintr devices invented, as a matter of fact. With unleaded 
fuel, the EGR systems will operate longer without maintenance. 

Mr. HEINZ. You have answered my question. Let me ask you an- 
other question on another subject. 

On page 2 of your testimonv, you stated that 1975 fuel economy 
with catalysts is only .1 percent better than the 1974 models. Wliat was 
the sales weighting assumption with respect to that statement? 

Did you assume a constant mix ? 
Mr. Mi.scH. It is a constant mix all the way through. 
Mr. HEINZ. Therefore, if you achieved a larger proportion of sale 

with smaller cars, that .3 percent might, in fact, be a better number 
and might increase ? Is that correct? 

Mr. MISCH. Yes. And I want to point this out very clearly. I have 
tried, in the data that I have iised, to speak only to the influence that 
emission control has on fuel economy. I have tried to separate every- 
thing else out and say that is a separate issue. The issue before this 
committee is the effect on energj* due to emission control, so let me 
make sure  

Mr. HEINZ. I understand. 
I have very little time, so T have to move nlonsr quite rapidly. 
Yesterday—and I will get to Chrysler and GM if I have time, with 

some relative questions—yesterday, the API testified that in 1975 they 
would experience an approximately 16,000-ban-el-a-day i^enalty to 
produce all of the unleaded gasoline that is required for your purposes 
and the purposes of the auto industry. That is equivalent—and they 
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agreed with tliis calculation—that it is less than one-quarter of 1 
percent, is the equivalent of 6 million barrels for a year. It is—6 million 
barrels is also the equivalent of a total of 8 hours' supply. 

Do you agree or disagree with their calculation ? 
Mr. MiscH. I cannot either agre« or disagree. Wliat we have used is 

kind of an average of those reports that have been presented in various 
testimony on the subject. 

I can understand why there might be confusion on this point. It 
depends upon what refinery you aie considering; what equipment there 
is in that refinery; and its capability for making unleaded fuels of the 
higher octane variety. 

Xow, you should assume that almost every refinery throughout 
the country is going to have to do its share in making some of the 
unleaded fuel, rather than just assigning the unleaded fuel produc- 
tion to those few that have the e^iuipnient, I think if you assume that 
the task is spread out throughout tne country, that is when you get 
the higher percentage of loss. 

Mr. HEINZ. Very good. 
Thank you very much, Mr. Misch. 
Mr. Terry, in the remaining time I have a couple of questions that 

relate to you, as well as the rest of the auto industry. 
What percentage of automobiles, Chrysler products, now in use 

really require premium fuel ? 
Mr. TERRV. None of the cars we are building today require pre- 

mium fuel. 
Mr. HEINZ. I understand tliat. I meant to say in use today. 
Mr. TERRY. I cannot give you a very good figure on that. We have 

not calculated it recently, but it would be—I would say somewhere 
between, maybe, 15 and 25 percent, something like that. It would 
depend on how many—I really should not try to answer. 

Mr. HEINZ. In your statement, you talked a great deal about the 
petroleum requirements of the various technologies. 

Do you also happen to have information as to what the percentage 
of total sales by the oil companies is with respect to premium fuel 
these days ? 

Mr. TERRY. NO, sir, I do not have those figures. 
Mr. HEINZ. I neglected. I have to confess, to ask them that yester- 

day, and I thought I would try you. 
Taking one of your cars today that is designed to use 91 octane fuel, 

let us say leaded 91 octane fuel, is there any kind of a mileage benefit 
if a consumer, a driver of your car, puts in a high octane, 98 octane, 
fuel? 

Do you get any mileage benefits ? 
Mr. TERRY. No. 
Mr. HEINZ. No. 
Mr. TERRY. And perhaps that will bring  
Mr. HEINZ. That is fine. 
And the second question is, do you suppose there are any significant 

number of people who drive automobiles who unnecessarily use pre- 
mium fuel ? 

Mr. TERRY. Yes, T believe there is. 
Mr. HEINZ. Very good. 
One last question, and this will be my last que.stion, because I see 

thechainnan wielding his gavel threateningly. 
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I believe you did correct, on page 2, line 6, of your testimony, the 
fact that you were talking about 1 million gallons a day rather than 
barrels ? 

Mr. TERRY. Yes. 
Mr. HEINZ. "^Vhicli is tlie equivalent of 20,000—roughly the equiv- 

alent of 20,000 barrels a day, whicli is, roughly, in the range of what 
the API testified yesterday to, which was 16,000 barrels. So I think 
you two are^nerally consistent. 

Mr. TERRY. That is correct. 
Mr. HEINZ. Again, it is around the range of one-quarter of 1 percent. 
Mr. TERRY. That would be at the end of 1975. And if we continue to 

use lead-free gas, and more and more cars get on the road that re- 
quired it, that number would go up. 

Mr. HEINZ. Very good. 
I thank you very much. 
Mr. COLE. Could I respond to the question that vou directed to 

Chrysler? 
I think we have the data that you are talking about- The peak con- 

sumption of premium fuel represented in^—it was in 1970—repre- 
sented around 42.6 percent of the total sales of gasoline. In 1973, we 
forecast that figure to be 32 percent in 1975, to be 19 percent. And that 
is the position we t/ook on the octane numbers that are available to 
make premium fuel are in excess of the octane numbers that we need 
for the 91, so those would be available to up grade the pools to the 91 
level. 

Mr. HEINZ. Mr. Cole, what peicentage of GM products do you sup- 
pose will be on the road that will require high octane premium fuel 
in 1975? 

Mr. COLE. Probabh' around 15 to 18 percent. This is a forecast, and 
how many are taken out of the population depending upon the energy 
shortage and one thing or another, it could—you see, those cars that 
require premium fuel are generally the more expensive, larger cars, 
and those could sufTcr some attrition. 

Could I back up a bit? Dr. Boditch suggests that we correct the 
testimony I just gave to you. The premium fuel that was needed in 
1970 was 32.3 percent. Wliat was actually sold in 1970 was 42.6 per- 
cent, so there was a disparity between the 32.3 percent and the 42.6 
percent, and that the petroleum industry was actually selling more 
premium that was actually needed to satisfy the cars. 

Mr. HEINZ. They were selling roughly 27 percent more premium 
fuel than was actually required? 

Mr. COLE. And we have contended if they would take those octane 
n\imbers and put them where they are needed, there would be plenty 
of 91 unleaded fuel. 

Mr. HEINZ. All right. 
I think my time has expired several times over. 
Mr. SATTERFIELD fpresidmg]. Mr. Symington. 
Mr. SYMINGTON. I thank the chairman. 
Mr. Cole, you concluded your statement by saying that you want 

to work with us to achieve the goal we are all seeking, "elimination 
of the automobile, as an element in the Nation's"  

Mr. Coiju No. 
Mr. SYMINGTON. I thought you would like to clarify that. 
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Mr. COLE. NO, we are not working toward the elimination of the 
automobile. '\Miat we are talking about is eliminating the auto- 
mobile as a concern as far as pollution is concerned, and that is our 
objective. I think we all concur on that, I am quite sure. 

Mr. MiscH. Well, certainly not the former. 
Mr. SYMINGTON. In that connection, with respect to the pollution 

problem, Kussell Train, EPA Administrator, said on November 15 
that you had suggested tiiat we save gasoline by removing all of the 
emission control systems from 1970 to 1974 cnrs. 

Was he accurate in making that observation ? 
Mr. COLE. We were- asked how much energy could be saved if—and 

particularly, we were talking about Greneral Motors cars—we could 
revert back to the emission control levels of 1969. And so in answer, 
we said if the entire population of those cars could be shifted over 
immediately—and these would be rather minor adjustments—^that 
there could be a saving of 2.7 billion gallons of gasohne annually. 

And we also gave him the information on the air eflFect of these 10 
most highly stressed cities from air quality point of view. 

Mr. SYMINGTON. As an engineer, I could not get between you on 
those questions of the difficulty of retrofitting the cars. But he claimed 
in his statement that the emission control system was an integral part 
of the modern automobile, not an add-on device that could easily be 
disconnected. And I take it you disagree witli this i 

Mr. COLE. Well—and I want to say this again, that General Motors 
did not recommend that this be done. We said, if energy is a greater 
concern than ambient air quality, this could be done, and it would have 
to be determined by Government. 

And I have the amount on the retrofitting. If we retrofit a 1970, 
with minor changes, by advancing the spark, which is a distributor 
adjustment and disconnecting what we call transmission control spark 
and modifying the exhaust gas recirculation system, a 5-percent fuel 
saving was estimated for 1970; 1971 was 2 percent; 1972, 5 percent; 
1973,6 percent; and 1974,6 percent. 

Now, we put that into the record. We thought if there was a real 
issue on the energj-. Congress may elect to postpone the need for the 
ambient air quality in light of the energy situation. However, this 
would be an option that only Congress possibly could take. 

Mr. SYMINGTON. I am sure it is an option that will not be taken, 
but the main thing is tiiat it does not seem to me that there is any 
clear agreement between EPA and General Motors on the feasibility 
of taking a step of that kind. 

Train actually goes on to say that those changes could not be made 
without reengineering, rebuilding, the entire car. 

Mr. COLE. That is not correct. \^Tiat I have said here can be done 
by most any mechanic or in tlie home workshop. 

Mr. SYMINGTON. Then he goes on to say that attempts to defeat 
the emission control devices in this way would result in poorer gas 
niileage, that their experiment showed that. That does not conform 
\vith your findings ? 

Mr. COLE. I am sorry to say it does not. 
Mr. SYMINGTON. One of the difficult things that we face here, is that 

we have to confess that we are lay persons in the effort to assess the 
competence and the integrity of all of the testimony we receive, and 
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we want to believe everybody, but it is a little difficult when they 
disagree. 

Would you like to comment on that ? 
Mr. MiscH. Yes, Mr. Symington, I would, to this extent: I think 

the reason we are here as engineers is to do our level best to tell you 
the facts as professional people. Frankly, I do not see how EPA could 
possibly l>e ni as good a position as we are to give you facts relative to 
this particular issue. 

I have to agree with Mr. Cole. We do not support this kind of an 
action, insofar as the vehicles in the field. We do not support that kind 
of a retrofit. We are not opting for it as being the sort of tradeoff that 
is appropriate. If you gentlemen, sitting in your other committees and 
concerned about energy, say "Yes, it is appropriate," then we will 
establish the priorities to implement it. We are here to tell j'ou as engi- 
neers it can be done. 

Mr. SYMINGTON. "WHiile I have you there, Mr. Misch, I want to say 
how sorry I am to hear that Ford is closing its plant in the St. Louis 
area. 

Mr. MiscH. Well, join the group. We hope to have engines and be 
back in production as soon as possible. 

Mr. STMINOTON. If I have time, Mr. Chainnan, for a question that 
I think the Chair is interested in, there has been  

Mr. ROGERS. Yes, go ahead. Mr. Symington. 
Mr. SYMINGTON. One more question; that is it. 
Mr. ROGERS. Then you can have the sex-ond go round. 
Mr. SYMINGTON. That is gootl; thank you, Mr. Chairman. 
AVe under-stand that there is a proportional exhaust gas recycle that 

is said to present a ,5-percent fuel economy EGR, and I am addressing 
this to the panel, whether or not there is information among you as 
to whether this device is ready for production and what it would cost 
and that sort of thing. 

Mr. MiRCH. Well, I will stait. I will say that in the material that I 
gave as part of my statement, it shows the projections of what we 
could assume we could do in fuel economy. We show a continuing 
improvement. Part of that improvement is due to such things as more 
sophisticated tailoring of the way in which exhaust gas recirculation 
is controlled and the way spark ignition is handled. Exhaust gas recir- 
culation is iust one of the items. 

Now, EGR has to be pi-oportional to something. The term "pro- 
portional EGR" has kind of gotten away from us. 

It is awful hard for yon not to be proportional to something, and it 
is a question as to what kind of control you use to recirculate the ex- 
haust, gas. There are all kinds of such controls. Mr. Cole will probably 
tell you that in some of their submissions to EPA they have talked 
about pi-oportionality to, I think, back pressure. 

Mr. COLE. We are already using what you ai-e talking about. 
Mr. MISCH. And we have other types of proportionality which sense 

the amount of air that is being injected into the exhaus* system and so 
forth. 

There is no 5-percent plum ready to be picked that we are just being 
stubborn and will not take. 

Mr. SYMINGTON. I thank the Chairman. 
Mr. ROGERS. Mr. Hayings. 
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Mr. HASTINGS. Thank you, Mr. Chairman. I will try to be brief. 
If I understood, you are all here  
Mr. ROGERS. That is welcome news. 
Mr. HASTINGS. I beg your pardon ? 
Mr. ROGERS. That is welcome news. 
Mr. HASTINGS. If I am, I will be the first one. 
Mr. ROGERS. You have the full ^ minutes. 
Mr. HASTINGS. YOU say you are all here as engineers trying to help 

us solve a problem. I think that is essentially the thought. And yet, I 
want to get this into perspective. GM, you would like to go to the 1975 
standards and hold them in place for 1976-77; is that correct ? 

Mr. COLE. That is correct. 
Mr. HASTINGS. Ford, what would you like to do ? 
Mr. MiscH. We would like to see the 1974 standards carried over for 

a couple of years. 
Mr. HASTINGS. And Chrysler, what would you like to do? 
Mr. TERRY. We would like to see the 1974 standards carried over for 

2 additional years. 
Mr. HASTINGS. You do not want to go back to 1970 then ? 
Mr. TERRY. NO, sir. 
Mr. HASTINGS. Then I have a difficult time trying to resolve in my 

mind whether we are reallv talking about the difference in standards 
or what is good for GM, Ford, or Chrysler, or wliether we are really 
talking about catalytic converters, because that seems to be in the end 
the real question that we are faced with here. 

If we go to 197.') standards, then we are going to go to catalytic con- 
verters. I know that GM is prepared to go; of course, I have heard 
your testimony. Ford, you say partially; and Chrysler, I am not sure. 

Mr. TERRY. We are prepared to go to catalytic converters in every- 
thing if we need to. AVe are not going to put catal^-tic convertei-s on 
any more care than we liave to. depending on what emission levels we 
can meet with our certification fleet. 

Mr. HASTINGS. You have the technology ready to go with catalytic 
converters, however ? 

Mr. TERRY. Oh, yes. We could put catalytic converters on all cars. 
Mr. HASTINGS. In other words, if we do go into the 1973 standards, 

you will be in that position to proceed ? 
Mr. TERRY. We may not elect to do so, because we think we can 

plan to  
Mr. HASTINGS. Well, however, you can meet the .standards? 
Mr. TERRY. Yes, sir. 
Mr. HASTINGS. It is a general understanding that a large number 

of cars are going to have to use catalytic converters unless you have 
other technology. 

And the other question is, of course, the impact on the refinery 
process of gasoline, the unleaded versus leaded. And we hear a great 
deal of discrepancy both from the auto industry and, of course, the 
jietroleum industry. 

I understand that General Motors is going to go to an unleaded 
with catalytic converters. 

Mr. C/OI.E. With or without. We are in the same position that Ford 
is on this. 

Mr. HASTINGS. And Ford, you are also advocating; so that your 
question or your theory on nonleaded gasoline is what, Mr. Terry? 
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Mr. TERRY. Well, we do not plan—we are not going to use unleaded 
gas if we do not have a catalyst on the car. We are going to continue 
to allow those care to use leaded gasoline. 

Mr. HASTINGS. And tlierefore, it would appear that there is going 
to have to be unleaded gas whether we have converters or not on 
General Motore and Ford products, because both say with or without 
you are going to go to an unleaded gas, is that correct? 

Mr. COLE. That is right. 
Mr. MiscH. Unless you carry over the 1974 standards. 
Mr. HASTINGS. Well, all right; but presumably we do not. Say we 

do not take any action, as EPA suggests or the administration, to 
carry out the 1975, which you agre*, with and the other two do not. 

But the question remains we are still going to have to have some 
imleaded gas, whether we go to catalytic convertere and therefore the 
1975 standards or the 1974. Is that unleaded gas available in the 
marketplace? 

Mr. COLE. We have been assured by the petroleum industry that 
there will be adequate imleaded fuel available. I have had two meet- 
ings with the principals of all of the major oil companies reviewing 
the position on fuel, not only the unleaded characteristics, but phos- 
phorous content, sulfur content, volatility, and other characteristics 
of the fuel. And we have been assured that with the sulfur content 
remaining where it is, the volatility remaining where it is, phosphorous 
eliminated because that is another additive, and with the 0.03 grams 
per gallon as the average and 0.05 maximum, we will have all of the 
unleadexl fuel that we need, not only in the United States but Canada 
and Mexico as well. 

Mr. HASTINGS. All right then. 
Within the limited time—and T am going to keep to my 5 minutes. 

Mr. Chairman. I have got figures that shoM- me certain segments of 
the petroleum industrv, say it is going to cost $4 billion to convert 
their refineries to production of enough unleaded gas to satisfy the 
needs of industry. EPA testified it was $100 million. 

Can anylxxJv shed any light on that? 
Mr. COLE. You have got to be concerned whether you are talking 

about total conversion of all of the fuel or whether you are talking 
about only that fuel that is needed to satisfy the care that are in the 
marketplace with the catalytic requirement or the unleaded require- 
ment. 

Mr. TERRY. We agree with that. I think this is one point they could 
clarify further. When we talk about a total loss of the 6 percent that 
you are going to lose in capacity to produce gasoline, we are talking 

. about a total convereion of all cars on the road to lead-free gas, assum- 
ing this continues. 

Now, we think it is important to look at the long range. 
Sfr. HA.STINGS. Not just prospective, then—you are talking about all 

care on the road ? 
Mr. TERRY. Yes. Tt would take some time to lose the 60-pereent ca- 

pacity. At the end of 1975 onlv about a tenth of the care on the road 
will have been produced in 1975. and onlj' some 70 or 80 percent of 
these care will have catalvsts, and so you will not need as much lead- 
free gas in 1975 as you will later on. 

Mr. HASTINGS. All right. 
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I thank the gentlemen. 
Mr. HKIXEN. However, we have to make one more point here, and 

that is that the distribution centers would have to be converted, and 
that would be a one-time deal, and it had better be converted in 1975, 
or you are going to wind up in the middle of Kansas or in the center 
of Alexico with no unleaded fuel in sight. 

So that is a one-time expenditure, and it has to be in 1975. 
Mr. HASTIXOS. How about the western part of New York? 
Mr. HEIXEX. Well, that is probably just as bad. 
Mr. Cou:. Well, I might add to that, we have reviewed this with the 

refining industry. Most of the distribution systems tliat are in place 
around the United States are capable of handling unleaded fuel today. 
There are just a few exceptions where they are on a two-fuel system; 
like Union Oil on the west coast, they are on a two-pump system. And 
I believe their plan—and I should not be speaking for them—is to up- 
grade the unleaded fuel to the 94 requirement, so they still can remain 
on a two-pump system. 

Mr. ROGERS. I might say that when the oil companies testified yes- 
terday, they stated that they had already done the conversion neces- 
sary to produce unleaded fuel. Now they arc able to begin production. 

Mr. TERRY. Again, that is for 1975, because it is not going to be 
that big a deal in 1975, although it is a stait and an expensive start, 
and a step that will be hard to back away from. They are talking 
about what they can do for 1975 on the assumption this will not 
continue. 

Mr. ROGERS. Well, they said in the middle of 1974 they would have 
this around May of 1974. 

Mr. TERRY. Yes, but if catalysts continue in cars, they will have to 
continue to convert refinery capacity and then spend a lot more money 
down the road as more and more care on the i-oad require catalysts. 

Mr. Coi^. For example. Shell in Canada has 1,400 of its stations out 
of 5,000 that are currently dispensing unleaded fuel today. 

Mr. ROGERS. Well, does not Amoco presently do this in tliis country? 
Mr. TERRY. Yes. 
Mr. ROGERS. Thank vou. 
Dr. Roy. 
Mr. ROY. Thank you, Mr. Chairman. 
I aj)preciate the gentleman's concern about ending up in the center 

of Kansas, but I might add that that is a pretty good place to end up. 
Mr. HEINEX. It is not bad. I agree with you. 
Mr. ROY. The goal that we are all trjing to reach, of coui-se. is part 

of the primary ambient air standards promulgated by EPA. May I ask 
you gentlemen, do you agree or disagree or have no opinion on these air 
standards ? 

Mr. COLE. Well, I have an opinion. We liave no real evidence that 
there is accurate information on health efifects of any standard for the 
moment; and we have suggested from time to time that Congress peti- 
tion some competent outside body such as the National Academy of 
Sciences to make a long-range study, and not just a study that is going 
to be concluded next August 1974, because this will only be a summa- 
tion of all of the information that is currently in the literature. 

This is one of the reasons we have recommended that these standards 
which will improve the ambient air quality over time be held at the 

l«-27: O - 74 • 21 
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levels that we are talking about for a 3-year period to permit some of 
these studies to be conducted. And this cannot be done in a hurry. There 
is just no way you can do it in a hurry. So we question the health effect 
needs of some of the standards that have already been issued. 

Mr. MiscH. I think our position has been that we do not have the data 
to either confirm or refute the necessity for these ambient air quality 
standards. We also have pointed out repeatedly the cost from an energy 
standpoint, and gross national product standpoint, of an "overkill" if 
the standards are not necessary. So we, too, have encouraged a con- 
tinued look at these standards to make certain that tliey are necessary; 
and, second, that the portion of "rollback" which is re<juired to ac- 
complish those standards that is assigned to the automobile is accu- 
rately determined. 

Mr. TERRY. Well, I think that is the important point. We do not 
know really about whether the primarj' standards are more stringent 
than they need to be or not. But with questioning that, we do have a 
lot of data and a lot of work has been done by other people that indicate 
that what has already been done on the cars and what will be done 
through 1974 will be enougii to achieve the primary air quality stand- 
ards in cities all over the country without going further as new cars 
replace old care. 

So we are not questioning the primary air quality standards as much 
as we are questioning the emissions standards that are now written 
into the books that are supposed to be necessary to, as they say, roll 
back the air quality. 

We are saying the data supports our contention that we do not need 
motor vehicle emissions standards more rigorous than the 1974 
standards. 

Mr. ROY. Are any of your companies making any expenditures to 
determine the correctness or incorrectness of the primary air stand- 
ards, quality air standards? 

Mr. TERRY. We have commissioned Yale Medical School—that is 
Chrysler has commissioned Yale Medical School to make a study. This 
was done back in August before there was any action by Congress on 
this point. One of the principal things that we want them to look at 
and detcnnine from what can they find out is what primary air qual- 
ity standards are required to protect health. That study should be 
done in less than a year. I believe it is to be done by next July. There 
is a preliminaiy report already out—1 believe it has been sent to 
[Members of Congress—showing what they i)lan to do and how they 
plan to go about it. We tliink it will help to shed some light on this 
question. 

Mr. ROY. Then, Mr. Terry, you disagree with Mr. Cole as to the 
length of time that is necessary to determine the correctness or in- 
correctness ? 

Mr. TERRY. Well, 1 think there is a lot more than the scientific 
studies that are going to be necessiai-y. First. Congressman Roy, 1 
believe that there is a lot of data already in the literature that has 
been uncovered that will show if it is studied, where the air quality 
standards might need to be. This does not mean there might not need 
to be a lot more data. More research would be valuable. But I think 
there is considerable data in the literature right now, and we think 
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Yale will supplement it in this time so that they will be able to come up 
with some meaningful conclusions in that time. 

Mr. Rov. Do you anticipate that they jnay disagree then with the 
National Academy of Science? 

Mr. TERRY. Well, the National Academy of Science has not really 
committed themselves on the need for the primai-y air quality stand- 
ards as such to this point. As I say. we did not intend to commission 
Yale to get into any kind of conflict situation with the National Acad- 
emy. We do not think tliat they will. We are simply saying that we 
have a directed study by a team that has worked together before, to 
include all of the aspects of air pollution control, including the health 
effects, which requires the doctors, the economists, and others, to talk 
about tradeoffs. And there is a lot of public health-public benefit 
philosophy that has to be woven into the decisions as to what kind of 
air pollution control we really need. 

For example, on the question of carbon monoxide, the doctors them- 
selves, who know the most about this, have been quoted—and I think 
misunderstood in some cases—that there may be no level of cai-bon 
monoxide below which there would be no perceptible health effects. 
What they really meant to say was that carbon monoxide can be likened 
to a load on the human system. There is always a certain percentage 
of carboxy hemoglobin level in the blood which shows how much car- 
bon monoxide exposure that person has had. 

Now. for example, the kind of levels we are talking about in the air 
are equivalent, let us say. the equivalent to a 3-perccnt carboxy hemo- 
flobin level in the blood. And the level that EPA is talking about is 

eeping levels below 21^ percent. Five percent to 10 or 12 percent is not 
unusual in smokers. 

The doctor that said there may be no level below which there might 
not be a perceptible effect went on to say some carbon monoxide is al- 
ways going to be a load, to a certain extent, on the system. For instance, 
let us say 1 eprcent of carboxy hemoglobin is analogous to 1.000 feet 
of altitude, or a .3-percent load is analogous to eating a heavy meal. 

And so if you say well, OK. can we afford to let the load on the human 
system go up 1 or 2 percent, that is really the kind of thing that we are 
talking about, so that we need some philosophy in this thing. And this 
is what we hope to get out of our Yale medical report. 

Mr. HEIXEX. Mr. Roy. may I just make one comment, because I was 
there when it was .set up. the protocols were set up. Wliat we told them 
is we are not sure about health effects. We want to know something 
about them. It is your show, which I think is the honest, scientific way 
to do it. 

We were very active in the translation to emissions standards, but 
asi to the health, we look for help. 

Mr. ROY. WC get varying reports as to how much money has been 
spent by each of the three major auto companies—if American Motors 
will forgive me—on achieving the technology necessary to meet the 
EPA standards for W7h-76 and thereafter. 

Is this public information ? 
Mr. TERRY. Yes, sir. 
Mr. ROY. Would you gentlemen like to give me this information on 

how much General Motors has spent to achieve this technology ? 
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Mr. COLE. Yes; we have it all spelled out here, and it goes over a 
period of time. For vehicle emissions alone in 1967 we spent $51 mil- 
lion, and in 1973 we are forecasting $.351 million. From 1961 to 1973 
we spent $1 billion in this area; and we expect to spend an additional 
$1 billion going from 1974 to 1976. As far as tools and equipment for 
1975. we are current committed for roughly throe-quarters of a billion 
dollars worth of equipment today to meet the 1975 interim standards. 
And that has nothing to do with GM pushing for 1974 or 1975. It is not 
because we have any commitment. If Congress elects to trade off the 
fuel economy for lower emission controls in the 1975 interim. General 
Motors would go right along with it, despite the commitments of three- 
quarters of a billion dollars. 

Mr. MiscH. I do not have all of the figures with me over time, but just 
as a stake in the ground in comparison to Mr. Cole, we will spend $-320 
million in this calendar year on emission related expenditures. I think 
for that particular thing—Mr. Cole said $350 million, something like 
that—so we are in the same ball park. It almost scares me. It .sounds 
like on the basis of share of market we are spending too much. 

[The following information was received from Ford Motor Co.:] 

TOTAL EMISSION EXPENDITURES 

|ln millions of dollars] 

1967 1968 1969 1970 1971 1972 > 1973 

Research and engineering: 
>11 

1 

1 
5 7 

2 
8 

$35 
9 

3 
13 

^2 

5 
20 

$9( 
Certification  
Testing data analysis and communi- 

cations -  

24 

5 
30 

Total, variable  IS 
8 

18 
8 

24 
12 

33 
19 

60 
30 

96 
36 

157 
57 

Total, research and engineering... 
Cumulative total,  research  and 

engineering .. . , 

23 

23 

26 

49 

36 

85 

52 

137 

90 

227 

132 

359 

214 

573 

Other emission expenditures; 
Tooling  
Facilities  
Launching  

8 
16 
4 .. 

7 
3 

10 
4 
3 

5 
9 
1 

11 
27 
4 

15 
15 
3 11 

Total, other.  28 10 17 15 42 33 105 

Total, expenditures  
Cumulative total, emission control 

51 

51 

36 

87 

53 

140 

67 

207 

132 

230 

165 

504 

319 

823 

Research  and   engineering  equivalent 
headcount general average: 

Variable   
Support  

755 
315 

883 
318 

1,159 
389 

1,501 
517 

2,345 
752 

3,160 
881 

5.381 
1.139 

Total, equivalent headcount)  1,070 1,201 1,548 2,018 3,097 4,041 6.520 

< Excludes 1973 model recertiHcation. 
< Less than 500,000. 
> Includes salaried, hourly, outside agency and overtime. 

Reference: June 18,1973, Request for Suspension of 1976 Motor Vehicle Exhaust Emissions Standards submitted to EPA 
(updated). 

Mr. COLE. We have 4,200 people committed to this program 
currently. 

Mr. TERRY. Well, these things—I do not remember the exact mun- 
ber of millions of dollars that we are spending for emission control 
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alone: but the figure that I have been using in discussinj^ the effect 
of regulations and expense on regulations is now approaching 40 per- 
cent of our total researcli and development budget; that is everything 
that we do in researcli and development. 

And this, of course, does not include the millions of dollars that we 
are spending on equipment to measure emissions and production, which 
is another matter again. We have not been adding tnose two together 
until recently. We can submit more information for the record. 

Mr. ROGERS. Yes. I think for the record. 
Mr. ROY. With the chairman's permission, I would appreciate that. 
Mr. ROGERS. Certainly. 
[The following information was received from Chrysler Corp. for 

the record:] 

SUMMARY, EMISSION CONTROL RESOURCES. CALENDAR YEARS 1967 THROUGH 1976 

IDollai amounti in millionsj 

Total dollar      Total dollar     Professional Light-duty 
resources resources technical vehicle 

Calendar year (emissions) >     (all R. & D.)       man-years sates 

1967  
1968  
1969  
1970  
1971  
1972  
1973  
1974  
1975  
1976  

1 These figures have been prepared by using analysis techniques and are not taken from official books of records. 
' Estimates not available until more is known about Government emissions and safety standards beyond calendar 

yur I97S. 

Note : Design office R. A D. not Included In above. 

Mr. ROY. I thank you for your testimony. I might say if it were 
31/^ years ago and I had not been a Member of Congress, I probably 
would not have been able to figure out how many zeroes to add to all 
of those numbere. 

Mr. ROGERS. Mr. Nclsen ? 
Mr. NELSEN. Thank you. Mr. Chairman. 
Some of us. including myself, when we sat in conference, took the 

view tliat we were setting our targets at too early a date, which would 
not permit the industry to develop the engineering to reach the goal 
that we set up. Xow, then, it Avould appear that had you had a little 
more ellx)w room in re.aching this goal, it might have avoided a model 
of automobile that uses more fuel, and if you had had a little more 
time, vou could have reached tlie goal that we set up. 

Is t)iat an accurate appraisal at this time? 
Mr. TERRY. I think it is. 
I would like to say one thing that has not been said about fuel econ- 

omy. Wc find at least in the emissions control work that we have done, 
that almost all of our fuel economy loss has been due to control of 
oxides of nitrogen, and this is kind of fundamental. With l)oth hydro- 
carbons and carl>on monoxide, the better job you do of burning the fuel 
in the cylinder, the lower the emissions of hydrocarbons and carbon 
monoxide, because both of them burn under oxygen. 

$2.9 J75.7 140 $3,790 
4.4 83.9 172 4,642 
6.6 95.1 260 4,189 
9.0 81.5 329 4.041 

14.4 90.4 434 4,640 
19.8 124.0 705 5.296 
46.S 150.0 1,075 5,720 
49.8 174.8 1.290 6.544 

^l $1 ?1 7,274 
8,007 
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On the other hand, oxides of nitrogen are formed as a result of the 
two principal elements of the air, oxygen and niti-ogen, which com- 
bine together just at high temperature. All it takes is high temperature 
to make oxygen and nitrogen combine to form oxides of nitrogen, and 
it happens as engineers and scientists understand readily, that the 
higher tempei-ature you have in a heat machine, the more efficient that 
machine gets, but really what we have to do to achieve oxides of nitro- 
gen conti-ol is to lower the maximum temperature of combustion some 
way or somehow, and in the process, we lower the efficiency of our 
machine. 

Our fuel economy penalties have been almost entirely due, so far, 
to control of oxides of nitrogen, not hydrocarbons and carbon monox- 
ide. If, in the future, wo have to go to more stringent conti-ols of oxides 
of nitrogen, that again will be where our principal problem in control 
of fuel economy will lie. 

Mr. NELSEN. Of course, in reaching that goal, obviously a little more 
time would not have hurt. 

Mr. TERRY. That is true. 
Mr. NELSEX. ^\Tiat I am trying to say is we in the Congress write 

laws and make demands and then our enforcement agencies have to 
follow the criteria we set up. 

Another question. We would like to think that persons that would 
be put in control of a program will give industrj' a chance to present 
their position, their achievements, and what goal they can reach 
comfortably. 

Now, I am wondering if EPA has had the door open so you can have 
communications to tell them what your problems are, what you are able 
to do, and what time you would need. 

Now, for example, it has been called to my attention that the meas- 
uring of emissions of each individual auto produced compare<^l to tak- 
ing an average, is quite an unfair way of measuring. Mr. Cole, you 
mentioned that to me. 

I wonder if you would, foi- the record, give us a little of jour view on 
that. 

Mr. COLE. Yes: I would be happy to. 
We feel that the method that EPA has set up to make a determina- 

tion, not only for certification but possiblj- for surveillance, is un- 
reasonable in that they recjuire each and every car to meet these very 
stringent requirements. 

Now, if you take the original 197;i standards. Congress intended that 
there would be a 90-percent reduction in 197") of HC and CO, from 
those standards that were obtained from the 1970 certification proce- 
dures. Now the way EPA has interpreted this for 1975, it looks as 
though we must get a 97-percent reduction, and we are approaching, 
really, zero emissions. As you try to get the tighter control, then it be- 
comes more difficult and more expensive. This is why we said we could 
not and we have not developed the technology- to make the 1976 require- 
ments, which are really the original 197r) requirement without the EPA 
giving us the interim relief. So we feel quit* strongly that through 
such changes in interpretation of the regulation, and without averag- 
ing, that is, each and every car being required to meet the standards 
for 5-year, 50,000-mile period and with the recall provision in the act, 
that we are being asked to do something that is technically impossible. 
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We would recommend that Congress review these techniques tliat EPA 
is using for certification and for surveillance—and they are in the proc- 
ess of developing a surveillance procedure—to see if they meet what 
Congress really intended. 

Mr. XELSEX. Yes. 
Well, without asking the question, do you feel that they have denied 

the open door? 
I would say that I am sure our committee hopes that they will estab- 

lish communication because we find that if, when we draft, a bill or deal 
with legislation, that if we consult with the people that will be af- 
fected by it. oftentimes we find that some of our ideas could be re- 
modeled a little bit to more completely accommodate the situation. 

Thank you. Mr. Chairman. 
Mr. COLE. I was just going to remark there, Mr. Nelsen. that I believe 

the door is open, but the eare are not very wide open at the moment. 
Mr. ROGERS. May I just ask some questions quickly, and I will not ask 

very many. 
I would like to just look at 1974 and 1975 now. If we go with 1975, 

will you get a better fuel economy in 1974 or 1975, Greneral Motors? 
Mr. COLE. Better fuel economy in 1975. 
Mr. ROGERS. Ford ? 
Mr. MiscH. Slightly, 3 percent. 
Mr. RfxjERS. Three percent better in 1975 ? 
Mr. Miscii. 1975. 
Mr. ROGERS. Chrysler? 
Mr. TERRY. We expect the same, no change. There are factors mak- 

ing it better, factors making it worse. We figure it will wash. 
Mr. ROGERS. Now, what percentage of your cars will have catalytic 

converters in 1974,1975 ? 
Mr. Coi^. For 1974, if you retain the existing standards, there will 

be no catalytic converters required. 
Mr. ROGERS. None. 
Mr. COLE. In 1975, it is very likely that we would have close to 100 

percent. 
Mr. ROGERS. Ford? 
Mr. MiRCH. None for 1974 carryover. All of California for 1975, and 

also in 1975 about 65 percent of the cars built for the other 49 States 
would have catalysts. 

Mr. ROGERS. Thank you. 
Chrysler? 
Mr. TERRY. We figure first, none for 1974. For 1975, Federal interim 

standards somewhere between 30- and 70-percent catalytic converters, 
and we are following a flexible certification pattern. 

Mr. ROGERS. And for California? 
Mr. TERRY. All of California would require catalysts. 
Mr. ROGERS. Yes; it would have to, yes. 
Now, t he use of octane gas, 91, in 1974, and 1975. 
Mr. COLE. We have been 91 since 1971. 
Mr. ROGERS. All  
Mr. COLE. All cars that we have built since 1971 have an octane re- 

quirement to satisfy the antiknock or knock characteristics, or 91. 
Mr. IVfLSCti. In either 1974 or 1975, it would be 91 octane. 
Mr. TERRY. SO far, we are 91 octane and have been and would be in 

both 1974 and 1975. 
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However, if the 1974 standards were to be carried over, we would, as 
soon as possible, increase the compression ratios in our cars to take 
advantage of this and gain some 4- or .5-percent fuel economy in some 
or all of our cars, by using leaded gas. 

Mr. ROGERS. All right. 
Now, the use of unleaded gas. I presume the 91 octane in effect is the 

unleaded. I suppose it does not liave to be, but basically is, so that your 
same answers would then prevail with the unleaded gas ? 

Mr. COLE. That is right. 
Mr. MiscH. That is right. 
Mr. TERRY. That is right. 
Mr. ROGERS NOW, weight. What is your program for reduction in 

weight of cars ? 
Does this affect fuel economy ? 
Mr. COLE. Yes. Well, I indicated that roughly, nde of thumb, in, 

say, regular sized cars, 4<^)0 pounds meant about 1 mile per gallon 
and we have a very intensive program to reduce weight. 

But on the other hand, another branch of Government, the Depart- 
ment of Transportation  

Mr. ROGERS. On your bumpers and so forth ? 
Mr. COLE. Bumpers and otlier safety characteristics that are adding 

weight and length to our cars. 
Mr. ROGERS. What are the requirements of that weight factor, would 

you think ? 
Mr. COLE. Well, I indicated in my testimony that we have added 

roughly 502 pounds. 
Mr. ROGERS. Just from the safety regulations alone? 
Mr. COLE. It is a combination. When you say just safety, now, you 

have got to decide whether you want to restore performance or not 
with the added weight. If you restore performance, then that takes 
a larger engine. If you have a larger engine, very likely it will take 
larger brakes, larger tires, larger wheels, and things of this type. And 
so we can put into the record exactly how much was involved in the 
DOT requirements directly, and then the  

Mr. ROGERS. I think it would Ije well for us to have that. 
Mr. COLE. All right. We can put that in. 
[The following information was received from General Motors for 

the record:] 

VEHICLE WEIGHT NECESSARY TO MEET DOT (SAFETY) REQUIBEMKNTS 

A GM survey Indicates that about 240 pounds, which includes the bumiKT sya- 
tein. have been added to a tn)!*"*!' GM passenger car l)ecause of safety regula- 
tions. It is anticipated that l)y 1S)76. if present plans are carried out, an addi- 
tional 160 pounds will have lieen added primarily l>eeause of Title 1 of the Cost 
Savinpi Act and Safety Standards 208—Occupant Crash Protection, and 105a— 
H.vdraulic Brakes. 

Weight increa.'ies to meet federal stjindards are slmwn on Figure 5, wlilch 
indicates that the largest, increase was required to meet exterior protection 
Standard 215 (bumiters). 

Head restraints (FMVSS 202) and side guard beams (FMVSS 214) are addi- 
tional Items re<iuiring substantial weight increa.ses. 

Moreover, Increases in weight due to .safety standards produce the need to 
make other changes to the vehicle structure, brakes, susi)«>nsion. wheels and 
tires. These additions, in turn, make neces.sar}' a larger engine to maintain the 
same performance and emission levels. 

An example of these additional safety-related weiglit factors for a Chevrolet, 
V-8, 4-door sedan, during the period 1968-73, are: 
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Pound* 
Disk brakes and suspension  '75 
Power steering  ^^ 
Frame   56 
Wheels and tires  54 
EngiDe  1^^ 

Total   344 

ESTIMATH^WEIGHT INCREASE- 

FMVSS TITLE lOO 200 

215 BUMPERS 

208 RESTRAINTS        BELTS | ACRS i 

214 SIDE GUARD BEAM ^^^ 

202 HEAD REST 

?^ BRAKES 

201 INTERIOR PADDING 

203 E.A. COLUMN 

206 DOOR LOCKS 

207 SEAT ANCHORS 

114 IGNITION LOCKS 

301 FUEL TANK 

108 SIDE LAMP 

111 R.V. MIRROR 

216 ROOF STRENGTH 

110 TIRES 

(23 OTHERS) 

TMal 

WEIGHT INCREASES 
DUE TO FMVSS 

RANK ORDERED 
BY WEIGHT 

TYPICAL GM CAR 
PONTIAC CATALINA 
4-DOOR HARD TOP 

FIGURE 5 

Mr. ^fiscn. All right. We can supply it. 
I can give, you one stake in the ground. On a full size Ford, about 550 

pounds have been added; alwjut half of that is attributable to regula- 
tions that require changes in the product to add weight, and the rest 
of it has been discretionary. 

Mr. RooKRs. All right. 
[The following information was received from the Ford Motor Co,:] 
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EFTECT OF WEIGHT AND OTHER MISCELLASEOVS FACTOBS ON VEHICLE 
FUEL ECONOMY 

The 1974 Ford automobile has increased 379 ponnds (10.1%) since 1987 be- 
cause of safety-damageability-emissinns (SDE) requirements. This weight in- 
crease necessitated an engine displacement increase and the combined effect of 
both was a 7-8% decrease in fuel economy. The weight increase alone accounted 
for half of this decline. (Reference: R. A. Place, July 17, 1973, Testimony before 
House Select Committee on Small Business.) 

OTHER   FACTORS 

AIP Conditioning—The added fuel consumption caused by the use of air con- 
ditioning depends on the thermal Input to the automobile, the cycle driren. and 
on the engine. An approximate estimate of its effect is a 3% increase at 70 mph 
and an 11% increase in consumption at 40 mph. 

Automatic Transmission—According to EPA figures, automatic transmissions 
introduce a 2% fuel economy loss In large cars; 6%, in low power-to-weight ratio 
cars. 

Emission Control for 1974 and 197.5—Emissions control at the 1974 49-state 
levels causes an average 10% penalty in fuel economy. The 1975 49-state emissions 
standards will result in either a 7% or a 15% fuel economy i)enalty depending (in 
the first case) whether catalysts are employed to achieve control, 

Mr. ROGERS. I am not sure I got the rest of the answer as to what 
your plans are for weight reduction. 

Mr. COLE. Well, we have a very extensive program to reduce weight, 
but that is going to take some time. And one of the things that is in- 
volved is the very lack of, maybe, a forecast of what is going to happen 
to emission requirements over time. Then, what is going to happen as 
far as DOT is concerned, adding safety characteristics to our cars. 

And we were told by the Secretary that it is very likely, with the 
things they have in mind, our small cars will get bigger and heavier 
and the big cars will get bigger. 

Mr. ROGER.'!. But for the discretionary portion ? 
Mr. COLE. Our plan is, naturally, to cut down on these discretionary 

areas that you speak about. We do not quite agree with Ford that half 
of the weight increase was completely discretionary. I guess you can 
say you can decide whether you want to maintain the same perform- 
ance or whatever you want to do. But a large percentage of our increase 
went along with the stimulated changes created or caused by the DOT 
requirements. 

Mr. ROGERS. What would you be doing on weight now. Ford ? 
Mr. MiscH. Well, we also have rather intensive programs to try to 

reduce weights in all of our vehicles, plus the fact that the general 
market shift from vehicles of one size to a smaller size is taking place. 

Mr. ROGERS. Yes. 
And Chrysler? 
Mr. TERRY. There is nothing new about weight reduction, weight 

control programs. This has been true before we ever had any regu- 
lations. We find, however, that for about—^for every pound that we 
have to put in for regulations over which we have no control, we have 
to put in about another half a jwund in the rest of the car, just to 
stay even. 

Mr. ROGERS. Yes. 
I have been given some figures, and T think if each of you would 

submit to the record what you estimate the factor of the impact of full 
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economy to be, such as vehicle weight, air-conditioning, and automatic 
transmissions. If you could let us have a percentage of the impact on 
fuel economy for the record, as soon as possible, tliat would be help- 
ful. 

Testimony resumes on page 335.] 
The following article was submitted by Chrysler Corp.:] 

GENERAL FACTOES AFTECTINO VEHICLE FUEL CONSUMPTION 

(By G. J. Huebner, Jr. and D. J. Gasser) 

In recent years, fuel economy and acceleration have worsened. The trend will 
continue, and we may not be able to work our way out of this problem as the 
rules are written today. 

In the main, the degradation of fuel economy and acceleration from 1968 
to 1973 has been brought about by two factors—emissions controls, and weight 
Increases. The primary factor in the weight increase has been the addition of 
mandated safety equipment. 

This paper will briefly review the major factors that influence fuel economy 
and acceleration. Historically, the vehicle designer has been able to trade one 
for the other. When both depreciate at the same time, design latitude narrows 
considerably. 

MEABURINO FUEL ECONOMY 

There are two basic types of fuel economy: road-load and cycle. Road-load 
economy involves steady-state operation on a level road, a condition seldom at- 
tained in normal driving practice. Cycle economy, however, can involve ac- 
celeration, deceleration, idling, and road-load operation in various relative 
amounts—depending upon the cycle. We currently measure fuel economy under 
Urban, Freeway, and Interstate c.vcle conditions. The urban cycle Is mo.st often 
quoted for comparative purposes. 

In Figure 1, road-load fuel economy Is plotted against car speed for three ve- 
hicles. The sub-compact vehicle has a four-cylinder engine and a manual trans- 
mKslon for extremely good economy. The heavy luxury car has a V-8 en- 
gine and automatic transmis.9lon. The top and bottom curves illustrate a wide 
spectrum of fuel economy levels. An "in-lietween" car, the Intermediate vehicle 
with a V-8 engine and automatic transmission, repre.sents a mld-slze car that 
traditionally provides adequate economy. Because it represents a typical Ameri- 
can car. I will use it for evaluating the Influence various factors have on Its fuel 
economy and acceleration. 

Xotlce that the peak road-load economy level of each vehicle occurs at about 
30-40 mph. and that it drops off rapidly at the higher speeds. While the road-load 
condition Is seldom attained In normal driving pnirtire, its measurement is useful 
for general fuel economy comparl.»ions. More normal than road-load economy 
Ls nrban-cycle economy, which consists of four modes encountered In stop-and-go 
driving. 

ROAD LOAD FUEL ECONOMY 
STEADY  SPEcO  OPERATION ON A LEVEL ROAD 
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The percentage of time spent in each mode of the cycle are: 16% Idling 31% 
Acceleration, 18% Deceleration, and 35% Road Load. The urban cycle economy 
levels are similar to those obtained in the current Environmental Protection 
Agency emissions test cycle. 

There are two phases of urban-cycle economy operation: cold and warm. The 
cold phase involves the first five miles of operation, where the choke and lubri- 
cant warm-up are major factors. The warm phase involves operation after ten 
miles with a significant improvement over the cold. 

FUEL ECONOMY RANGES 

URBAN CYCLE TO  ROAD   LOAD 

SUB-COMPACT 
<CVL ENGINE 

MANUAL TRANSW.ISSION 

P            40  MPII 
• •/• 

•0.7 

ROAD . • 
LOAD .':: y • y 

TO MPM 'W^ 3B.1 
ROAD 
LOAD 

WARM JI.2 
40 MPM XXA ROAD 

LOAD l^'-i 
COLO 

URBAN 

*^^i-;<-: 17.1 70 MPH 

W 

1C.7 

n 5 

10.0 

70 MPH 

W 

^'^ 
127 

_ •.4 
URBAN ^>^. 

URBAN 

INTERUEOrATE 
VB ENC'NE 

AUTOMATIC TRANSMiSSIOK 

LUXURY SEDAN 
V'S ENGINE 

AUTOfllATIC TRANSMISSION 

FIGURE 2 

In Figure 2, urban-cycle and road-load economy levels of the three cars have 
l)een combined to illustrate the ranges that are possible for each vehicle. As ex- 
pected, for all three vehicles, the highest attainable economy levels occur in 
the 40 mph road-load condition, while lowest levels occur in tlie cold-urban condi- 
tion. Notice, that under certain unique conditions, these completely different 
vehicles could conceivably produce the same economy level. This is unlikely, but 
it is possible in the area of about 17 mpg. The warm-urban and 70 mpli road-Ioed 
economy levels represent more-or-less normal conditions, and they will be used 
for comparative purposes throughout this disciission. 

FACTORS AFFECTING FUEL ECONOMY 

APPROXIMATE EFFECT    URBAN 
OF FACTORS                        CYCLE 

70 MPH 
ROAD LOAD 

VEHICLE SIZE AND WEIGHT     80% 90% 

TRANSMISSION                               1S% S% 

ACCESSORIES*                                5% s% 
•AIR CONDITIONING NOT OPEnATING 

FIGURE 3 

FAOTORB  AFFECTING FUEL ECONOMT 

There is about a 13 mpg difference in both urban-cycle and 70 mph road- 
load economy between the luxury and sub-compact cars, while the acceleration 
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levels of these two vehicles are roughly equal. The primary factors contributing 
to the economy diflference are vehicle size and weight, type of transmission, 
and the oar's accessories. 

Vehicle size and weight is the most significant factor (see Figure 3). The 
larger vehicle, at a wpight of 5200 lbs. compared to 2100 lbs. for the sulxompact 
and with a 40 per cent greater body frontal area, requires a large V-8 engine to 
equal the acceleration level of the small 4-cylinder powerplant in the smaller car. 
These factors combine to account for 80 to 90 per cent of the economy differ- 
ence. The transmission effect is primarily due to the fact that the sub-compact 
Is equipped with a manual transmission while the luxury vehicle is equipped 
with an automatic. The tabulated effect of accessories represents the weight 
effect of the power steering, power brakes, power windows, and air conditioning 
which are normally installed on the luxury car but not the sub-compact. This 
category also includes the power consumption effect of the power steering unit. 

The Intermediate car has been selected as the .sample vehicle for our factor 
evaluation, because it represents an average American vehicle that provides 
completely adequate performance. We will look at the effect of engine efficiency 
and displacement, compression ratio, torque converter, transmission, axle ratio, 
aerodynamic drag, tires, accessories, vehicle weight, and emissions controls. For 
the most part, we will investigate ten per cent changes in the.se factors. It should 
be noted that the effect of the factors will vary on vehicles other than our aver- 
age car, but not significantly. 

Background information for our factor evaluation is based on a combination 
of Chelsea Proving Ground test results and performance calculations. The ac- 
celeration and fuel economy tests were conducted under established Proving 
Ground procedures. Historically, the performance calculation technique provides 
very good agreement with actual test results. The acceleration and fuel economy 
effects quoted in the factor evaluation are therefore, based primarily on calcu- 
lated data which have been confirmed by past and current actual vehicle testing. 

ENGINE DISPLACEMENT y/ 

INTERMEDIATE CAR V/ITH 
AUTOMATIC TRANSMISSION 

•   EFFECT OF A 
10%  ENGIHc DISPLACEMENT CHA i SE: 

70 MPH ROAD LOAD FUEL ECONOMY     C 1 MPG 

URBAN CYCLE FUEL ECONOMY   .             0.2 MPG 

ACCELERATION EFFECT 
* 

,      12% THROUGH GEARS        19%  DIRECT GEAR 

TlOCBE 4 

E<ngine displacement is our first factor for evaluation. In general, an engine 
Htplacement incrca»e results in economy losses and acceleration gains, while a 
iisplacement decrease results in economy gains and acceleration losses. A ten 
percent displacement change has only a minor effect upon both 70 mph road-load 
and urban-cycle fuel economy. Notice however, the major effect of displacement 
on acceleration. Throughout this summary, "through the gears" Is a compari- 
son of acceleration from 0 to 60 through all gears, while "direct gear" is a 
comparison of 50-70 acceleration in direct gear without using a kickdown to a 
lower gear. 



COMPRESSION RATIO 

INTERMEDIATE CAR WITH 
AUTOMATIC TRANSMISSIOh 

EFFECT OF A 
10%  COMPRESSION RATIO CHANoE: 

70 MPH ROAD LOAD FUEL ECONOMY     C.5 MPG 

URBAN CYCLE FUEL ECONOMY 0.3 MPG 

OCTANE REOUIREMENTS: 

10%  INCREASE (9.5:1  C.R.)        95 ' 

STANDARD (8.6:1   CJ«.) 9] 

10%  DECREASE (7.7:1  C.R.)        86 

ACCELERATION EFFECT 

4%  THROUGH GEARS 6%   DIRECT GEAR 

^ 

FIGURE 5 

T'he general effect of an increase in compression ratio is an improvement in 
both fuel economy and acceleration, tchile reducing compression ratio pro- 
duces economy and acceleration losses. A ten percent compression ratio change 
has a more significant effect in fuel economy than the previously discussed dis- 
placement change. The eflfect of compression ratio on acceleration, however, is 
much smaller than the effect of displacement. Note the fuel octane requirement 
change for the high and low compression ratio engines. 

TORQUE CONVERTER 

INTEnr.'.EDIATE CAR V/ITH 
AUTOMATIC TRANSMISSION 

EFFECT OF A 
RELATIVELY LOOSE TO TiGHT CONVERTER 

70 MPH ROAD LOAD FUEL ECONOMY 0.2 MF'b GAIN 

URBAN CYCLE FUEL ECONOMY 0.7 MPH GAIN 

ACCELERATION LOSS 

1% THROUGH GEARS        6%  DIRECT GEAR 

FIGURE 6 

The sample vehicle was tested with two torque converters; one relatively 
loose, and one relatively tight. The relatively loose converter is a small unit usu- 
ally used on six-cylinder and small V-8 engines. The relatively tight converters 
is a larger unit with a primary usage in vehicles with large V-8 engines. The 
change from the loose to the tight converter showed economy gains and accelera- 
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tion losses. The gain In 70 mph road-load fuel economy resulting from this 
change is only minor, due to the small slip differences between the converters at 
high speed. There is, however, a very beneficial gain in urban-cycle fuel economy. 
The acceleration loss occurs primarily in direct gear operation. 

TRANSMISSION 

INTERMEDIATE CAR 

AUTOPyiATIC VERSUS 
MANUAL TRANSMISSION 
FUEL ECONOMY LOSSES 

\^ 

WITH EQUAL AXLE RATIOS 
(2.71 AUTO. & MAN.) 

70 MPH nOAD LOAD FUEL ECONOMY 1.2 MPG 

URBAN CYCLE S=UEL ECONOMY   - 1.8 MPG 

WITH "OPTIMIZED" AXLE RATIOS   • 
(2.71 AUTO., 2.94 fTIAN.) . 

70 MPH ROAD LOAD FUEL ECONOMY 0.5 MPG 

URBAN CYCLE FUEL ECONOMY 1.6 MPG 

ACCELERATION GAIN: 
• 

EQUAL AXLES                "OPTIMITEO* AXLES 
6% THROUGH  GEARS         4%  THROUGH GEARS 

16%  DIRECT GEAR              10%  DIRECT GEAR 

FIGURE 7 

Changing from a manual to an automatic trangmingion Kith equal axle ratios 
results in very significant economy losses. This car is normally furnished icith a 
i.9i axle ratio for the manual transmission and the 2.T1 for the automatic to op- 
timize gradeaMlity and pulling away from a stop. Figure 7, therefore, also in- 
cludes the effect of the transmission change with the optimum axle ratios. In this 
case, the economy lo.s3es for the automatic transmission are reduced somewhat but 
remain very significant, although it must be pointed out the manual transmis- 
sion results were obtained with a .sliilled driver, whereas the automatic can be 
consistently the same with an un.skilled operator. Xote tliat the acceleration 
gains for the automatic in both axle ratio examples are also major, especially In 
the direct gear ranges. 

In general, an increase in numerical axle ratio produces economy losses and 
acceleration gains, while a decrease results in economy gains and acceleration 
losses. A ten per cent axle ratio change has a significant effect on 70 mph road- 
load fuel economy. The effect on urban-cycle economy is only minor, however, 
due primarily to the acceleration and deceleration modes involved in the cycle 
operation. 

The general effect of an aerodynamic drag increase is loss in both economy 
and acceleration. Conversely, a drag decrease will produce economy and accel- 
eration gains. A given arrodynamic drag change significantly affects only high- 
speed operation, since aerodynamic horsepower required varies with the cube 
of velocity. The effect of a ten per cent aerodynamic drag change on 10 mph road- 
load economy, is therefore, quite significant due to the speed involved. As ex- 
pected, the effect on urban-cycle economy is negligible because of the low speed 
involved. The effect of aerodynamic drag on acceleration would be much greater 
than quoted. If higher .sjieed operational ranges were considered—aerodynamic 
drsff has a verv alsniflcant effect on too SDeed. 
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AXLE RATIO 

INTERMEDIATE CAR WJTH 
AUTOMATIC TRANSMISSION 

EFFECT OF A 10%  AXLE RATIO CHANGE: 

70 MPH ROAD LO>^D FUEL ECONCMY   0.6 MPG 

URBAN CYCLE FUEL ECONOMY 0.2 MPG 

ACCELERATION EFFECT 

3r; THROUGH GEARS 5%  DIRECT GEAR 

FIGURE 8 

AERODYNAMIC DRAG 

INTERMEDIATE CAR WITH 
AUTOMATIC TRANSMISSION 

EFFECT OF A 
10% AERODYNAMIC DRAG CHANGE: 

70 MPH ROAD LOAD FUEL ECONO 1Y    0.7 MPG 

URBAN CYCLE FUEL ECONOMY NEGLIGIDLE 

ACCELERATION EFFECT 

1% THROUGH GEARS        3%  DIRECT GEAR 

FlOUBE  9 

Rolling resistance Is primarily dependent upon tire constrnctlon. In greneral, 
an increase in rolling resistance produces losses in both fuc' economy and ac- 
celeration, while decreases resvilt in economy and acceleration gains. At low 
speeds, rolling resistance forms the major contribution to total force required; 
the aerodynamic drag is the prime contributor at high speeds. The accelera- 
tion effect of a ten per cent rolling resistance change is about equal to that 
previously quoted for aerodynamic drag. 

The 1970 Fiberglas-belted tire was about one mpg poorer than the bias, non- 
belted polyester cord tire prevlou.sly u.sed. Improvements in this tire reduced 
the penalty to 0.3 mpg. Steel-belted radial tires can provide 0.3 mpg advantage 
over the polyester cord. 
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ROLLING  RESISTANCE 

INTERMEDIATE CAR V/ITH 
AUTOMATIC TRANSMISSION 

EFFECT OF A 
10%  ROLLING RESISTANCE CHANGE: 

70 MPH ROAO LOAD FUEL ECONOMY    0.4 MPG 

URBAU CYCLE FUEL ECONOMY 0.2 MPG 

ACCELERATION EFFECT 

1% THROUGH GEARS        3%  DIRECT GEAR 

FlOUBB 10 

ACCESSORIES V^l 
INTERMEDIATE CAR WITH                     1 

AUTOMATIC TRANSMISSION                  1 

EFFECT OF ACCESSORY POV/ER LOSSES:         | 

URBAN 
,•    CYCLE 

70 MPH 
ROAD LOAD 

• AIR CONDfTIONING        1.5 MPG 1.0 MPG 

• ALTERNATOR                    0.9 MPG O.S MPG 

• FAN                                      0.1 MPG O.S MPG          1 
1          • POWER STEERING          0.1 MPG 0.4 MPG 

FlOURE 11 

Fuel economy los.ses for four basic engine accessories are summarized in Fig- 
ure 11. The effect of air conditioning, wliicli is higlily variable with ambient 
temperature, is quoted at 8.")° F. -Maximum output of about 40 to 50 amperes is 
reflected in the alternator economy lo.sses. Tlie fan included in this summary is 
an 18-inch diameter. 7-blade unit. The losses quoted for power steering assume 
"straight aliead" driving with miner corrections. 

1^-171 O - 74 - 2> 
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VEHICLE V/EIGHT 

INTERMEDIATE CAR WITH 
AUTOMATIC TRANSMISSION 

EFFECT OF A 10%  VEHICLE V/EIGHT CHANCE:    | 

70 MPH nOAD LOAD FUEL ECONOMY        0.4 MPG 

URBAN CYCLE FUEL ECONOMY   *   0.5 MPG 

ACCELERATION EFFECT 

10%  THROUGH. GEARS     12%  DIRECT GEAR 

FlOUBE 12 

It is Interesting to note that, combined, the quoted accessory losses amount 
to about two-and-a-lialf miles per gallon. 

The general effect of a vehicle weight increase is losses in both economy and 
acceleration, while a weight decrease result-s in economy and acceleration gains. 
Ten per cent represents a vehicle weight change of about 350 lbs. in an average 
car. Only major weight change.s snch as this will significantly affect fuel econ- 
omy. Note, however, the very significant effect of the ten per cent weight change 
on acceleration. 

1968 TO 1973 PERFOnMANCE TREND 

INTERMEDIATE CAR WITH AUTOMATIC TRANSMISSION 

ACCELERATION 
TIME (SECONDS) 

060 THRU 50-70 om.     • 

FUEL 
ECONOMY (MPG) 

URBAN 
CYCLE                                 70 MPH R.L. 

1MB                                                      lU u 1M WJ 

1973                                                      1t» «• W.1 Wl 

1>6g TO  U73 LOSSES                  11% 14« ».3 (19%) 0.9 (5%) 

FlQUBE 13 

Both acceleration and fuel economy estimates for the 1073 package are com- 
pared to 1968 levels in Figure 13. The losses in acceleration and fuel economy 
are very significant as you can see. 

Emission controls and vehicle weight increases are the prime contributors 
towards the indicated major economy and acceleration losses. 

EMISSION CONTROLS 

INTERKEOIATE; CAR WITH AUTOMATIC TRANSMISSION 

LOSS TO EMISSION CONTROLS AND RELATED ENGINE SPECIFICATION CHANGES 

1160 TO 1973 1.» MPO (1S%) 

197} 10  197J 1.2 MPG (10%) 

^ ACCELERATION LOSS 

19M TO 1173 - 1973 TO 1973 

1%   IHnOUCH GEARS 

3%   DIRECT GEAR 

70 KPH 
ROAD LOAD 

0.9 MPG (3%) 

0.4 MPG  (3%) 

FionBB 14 
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The effect of emission controls on the fuel economy of our "average" car Is 
shown In Figure 14. The major losses occurred In the 1&73 changes when exhaust 
recirculation and delays in spark advance timing were Introdut'ed. Acceleration 
losses related to emissions controls have not been significant during this period. 

Vehicle weight is the other prime contributor towards reduced economy and 
acceleration. Note that the economy losses resulting from the l',KW-l!)73 weight 
Increase are les^s significant than they were for emission controls. On a percentage 
basis, however, the acceleration losses are much greater than the economy losses. 

VEHICLE WEIGHT—1968 TO 1973 ^  1 

INTERMEDIATE CAR V/ITH 
AUTOMATIC TRANSMISSION 

LOSS TO VEHICLE V/EIGHT INCREASES ONLY 

URBAN 
CYCLE 

70 
ROAD 

MPH 
LOAD 

0.5 MPC (4%)                                                             0.4 MPG  (2r. j 

ACCELERATION LOSS: 

•    9% THROUGH GEARS         11%   DIRECT GEAR 

FlOtTBE  15 

This is an appropriate time to discuss the "double effect of weight". Tot ex- 
ample, let's suppose we are willing to accept the 196S to 1073 weight Increase 
with its accompanying economy losses, but we are not willing to accept the 
eleven per cent direct gear acceleration loss. In order to recover this acceleration 
loss, we increase displacement and axle ratio. This would result in additional 
economy losses of 0.2 to 0.3 mpg. in the urban cycle, and 0.7 mpg at 70 mph. 

The economy losses due to vehicle weight would now be Increased to levels of 
about 0.8 mpg on the urban-cycle and to 1.1 mpg at 70 mph road-level. 

While we are on the subject of vehicle weight, look at the 1968 to 1973 trends 
of three actual vehicles  (Figure 16)  proves very Interesting. 

If the trend continues, it won't be long until the compact weighs as much as 
the intermediate previously did. and the intermediate weighs as much as the 
standard formerly did. 

There are, however, some long range economy improvement areas that are 
definitely worth future consideration on all vehicles regardless of their accelera- 
tion capability. Improvements of .seven per cent may be possible in the area of 
engine efficiency. We feel that a 0.5 mpg improvement can be reasonably expected. 
Aerodynamic drag reduction can be obtained. Transmission modifications require 
extensive changes, but are worth considering. Overdrive or lower numerical 
axle ratios have a very significant economy effect when combined with a lock-up 
converter, especially at higher speeds. 
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AUTOMATIC TRANSMISSIONS 
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FlOUBE 16 

CONCLUSIONS 

Sincp 1968, vehicle weigbt increases ami emissions controls have reduced fuel 
economy substantially, with the l)ulk of the loss being due to emissions controls. 

An additional loss in economy and acceleration is predicted by 1976. Attempts 
to regiiiii the acceleration losses by conventional means would probably result 
in further economy reductions. 

The impact of the predicted losses can be lessened by using combinations of 
the following: 

Improved engine efficiency. 
Improved drivetrain efficiency. 
Reduced aerodynamic drag. 
Reduced tire rolling resistance. 
Reduced vehicle size. 

FUEL CONSUMPTION INFORMATION 

The attached chart provides various fuel consumption comparisons of Chrysler 
Corporation engines. The two columns at the right of this chart are our 1073 
and 1974 fuel cconoiny as derived from the KPA certification values. Although 
the certification data include truck applications of the various engines, only 
IU8.songer car values were used l)ecause the baseline used for comparison was 
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the average fuel economy for the 1020 passenger cars involved in the E.P.A. 
"six cities" study as calculated by Chrysler. The baseline value used was 13.9 
miles i)er gallon which was the average of the years 1968 to 1070. 

Shown on the chart are the production weighted averages for all Chrysler 
engines. As can be seen, in 1973 the certification values are 14.5% below the 
ba.seline; for 1974. they were 12.2% below. 

In computing the values that represent current device status all values from 
development cars that met 1975 interim Federal standards were averaged 
for each car; then the cars, themselves, were averaged by engine types. The 
results show the following: 

Air pump only—8.7% below^ baseline. 
Catalyst only—8.0% below ba.seline. 
Catalyst plus air pump—9.5% below baseline. 

Obviously, nothing that we have tried in our development programs indicates 
the possibility of major fuel consumption saving with or without catalysts. 
Actually, even the slight improvement indicated over 1974 is doubtful if 1975 
interim standards are adopted, since some penalty will be incurred in order to 
provide a safety factor for production. If the 1974 levels are maintained, this 
penalty would not be required. 

FUEL CONSUMPTION, CHRYSLER CORP. ENGINES 

Percent 
production 

1975 development vehicles (miles 
per gallon) 

1973 cert. Engine 

Catalyst 
(No air 
pump) 

Catalyst 
(with air 

pump) 

Engine 
modifica- 

tion 1974 cert. 

198iii>.  0.63 
28.15 
15.29 
13.79 
23.79 
6.97 

17.1 
16.0 
12.3 
10.6 
11.3 
9.? 

12.8 

8.0 

19.2 
16.3 
12.15 
10.5 
10.9   . 
9.1 

12.6 

9.5 

18.1 
16.1 
12.7 
10.8 
10.5 
9.8 

12.7 

8.7 

17.9 
16.1 
11.4 
9.7 
9.5 
9.4 

11,9 

H.5 

15.4 
725iti»  
318 iu>  

16.5 
12.4 

36Cin3  10.35 
400 inJ  9.0 
440in3._  9.0 
Weiihled average (miles p«r csllnn).. 12.2 
Below baseline 1968-70 valve (13.9 

12.2 

Note: All tests run liy FPA method. 

Mr. ROGERS. Are there any other questions ? 
Yes, Mr. Satterfield. 
Mr. S.\TTERFiELD. Mr. Terrj'. I would like to ask you this question, 

and I would like to liave your comments, if we may, on the question 
of what economy orains could be claimed if we ^o to catalysts in 1975. 
There seems to be a disafrreement on this, and I would like your views. 

Mr. TERUY. Well, we said that we would be lucky to break even in 
197.5 if we go to catalysts, compared to where we are in 1974. And I 
said there were some counteracting factors. 

The first is that if we go to catalysts, we know we are going to have 
to use lead-free gas, and if we luiow we have to use lead-free gas, it 
means tliat it is going to be 91 octane, if we are lucky. This means we 
have got a problem tliat people do not have today. We can design the 
car to run on 91 octane gas, but there may still be some 20 or 30 percent 
of the cars that will not be able to run very well on 91 octane, so they can 
always go out and get some leaded gas at higlier octane and still run. 

However, if the only thing we can use on this car is 91 octane, we 
are going to have to make our actual octane tolerance lower than 91 
in order to l)e sure and take care of our cars whenever they get this 
lead-free g-as. So we figure we are going to have to sacrifice some fuel 
economy with lowering the compression ratio or clianging spark or 
some combination thereof, and that that will cost us fuel economy. 
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Now, on the other hand, we expect to get a little bit back by being 
able to retuiie the engine, because we have got the catalyst to clean up 
some emissions that we might not otherwise have. And those two fac- 
tors, from our running to date, seem to be about equal, so we are saying 
that we think we will break even if we are lucky in fuel economy. 

Mr. IIKIXEX. Let me add one small comment here. We have done this 
to a number of the cars. We have set them up for meeting the 1975 
standards with the catalyst. We have taken off the catalyst, and they 
now meet tlie 1974 standard. We have learned how to get a 3-percent 
improvement in fuel economy which will be inherent to the car. The 
catalyst itself neither adds to nor detracts from economy, so that if 
we were to carrj' over 1974 standards, we could get that 3 percent. If 
we go to 1975, we can get tliat 3 percent over and above everything else 
that Sid has mentioned here, that is—I mean by break-even. 

Actually, if you add the couple of items that you mentioned, why, 
we might come out further ahead, but 3 percent is all we have been 
able to get in the way of improvement at the 1975 standards levels with 
the catalyst. 

Mr. SATTERFIELD. Well, if you went to the increased compression 
ratio that Mr. Terry mentioned, this would be on top of this 3 percent? 

Mr. HEIXEX. Yes, right. 
]\[r. TERRY. Yes, right. 
Mr. SATTERFIELD. And you say it would be 4 to 5 percent, so it would 

be 7 or 8 percent if we freeze at the 1974 levels that you could enjoy ? 
Mr. TERRY. Yes, sir. This would take some time for us to do. We 

might not do it right away for 1975, because it would  
Mr. SATTERFIEU). But at least it is a prospect ? 
Mr. TERRY. We would at least get it for 1976 for sure. 
Mr. SATTERFIELD. Mr. Misch, I wonder if you would like to address 

the question, sir? 
Mr. Miscn. Well. I think I would like to clarify one point. The dif- 

ference in some of these percentages that each of us might project 
certainly depends upon the base that we start from, and undoubtedly 
we start from a somewhat different base. 

Now, all of my numbei-s have been compared to an emission uncon- 
trolled vehicle. In attachment A. I show that in our average 1973 
model we attributed a 13-percent loss in fuel economy due to emission 
controls, as compared to uncontrolled. 

Now. in 1974 we improved by about 3 percent. We just did things 
a little bit better. So, then compared to an uncontrolled base, we wei-e 
about a 10-percent loss. 

Now, in 1975 witli catalysts, to meet a 1975 standard, we say we can 
improve another 3 percent from 1974, which makes us, then, a minus 
7 percent from base or uncontrolled. Those vehicles that would not 
have catalysts we say would not improve the 3 percent, they would 
depreciate 5. In other words, they would be about 15 percent below 
uncontrolled base. But, because of the percentages of them, the ones 
that are 15 percent below base would be about 35 percent of the volume, 
and the ones 7 percent l)elow would be about 65 percent. That means 
our average full economy for 1975 models would be about equal to 
1974 models. 

Mr. HEINEN. May I just ask one question for clarification ? 
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You were talking about those that would meet the 1975 standards 
vrithout catalysts ? 

Mr. MiscH. That is right. 
Mr. HEINEN. I was talking about those that would meet the 1974 

standards. 
Mr. MiscH. I was coming to that. Firet, those would meet the 1975 

standards. Tlien, if we were to carry over the 1974 standards—in other 
words, we would project that the carryover standards would allow us 
to have the same fuel economy on Ford cars as the 1975 interim 
standards with that mix. So I think we are saying pretty much the 
same thing, here. 

Mr. SATTERFIELD. Does that compare with your base ? 
Mr. TERRY. Yes, I believe so. 
Mr. HEINEN. Within a percent, almost every one. 
Mr. SATTERFIELD. I was wondering, Mr. Misch, if we impose the 1974 

standards, would you be able to increase your compression ratios, too? 
Would this be an additional bonus? 

Mr. MISCH. Well, there is a possibility, although I doubt seriously 
if we would for 1975. We might for 1976. 

Mr. SATrERFiELD. Well, one of the things that impresses me, it seems 
that what maybe all of you are saying in a different way is the uncer- 
tainty tliat we have liad with respect to when you had to meet certain 
standards has really made it very difficult for you to plan effectively. 

Is that basically correct ? 
Mr. MISCH. That is certainly correct. 
Mr. COLE. That is certainly correct. 
Mr. TERRT. Amen. 
Mr. SATTERFIELD. Well, does not it make sense—I know that two of 

you have indicated that if we froze it at the 1974 level, that it would 
make sense to give you time. 

I just wonder, Mr. Cole, would not this also give you the time to do 
what must be done in the long-range? 

Mr. COLE. No, we think we have done it. 
Mr. SATTERFIEIJ). In other words, if we were to standardize the 

levels of 1974, say for 3 years, you would still work, say toward install- 
ing catalytic converters on the 977-78 models ? 

Mr. COLE. We have examined alternate power sources, stratified 
charge engines for a number of years; turbine engines, diesel cycles, 
sterling cycle, Ranklin cycle. We have put a lot of effort in this area, 
and it appears to us tliat the catalyst gives us an opportunity to make 
the internal combustion engine as efficient as we know how to make 
it. And it is a very efficient powerplant, otherwise we would not bo 
using it for 50 vears. 

And with the addition of the catalyst, we are able to make that 
ene^'ne as clean an eneine as any that we know about. 

Mr. SATTERFIELD. Well, if you can do that and actually save fuel; 
I am wondering why you have not put them on the 1974 models? 

Mr. COLE. Well, first of all, we operate in a free, competitive market. 
We have suggested that the only way you are going to brine; people 
together, particularly where there arc health effects or safety and 
things of this type involved, is for Government to make that determi- 
nation. Government is the only operation that can make it. 
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The public is not interested in payine more money to get a cleaner 
car. We could have a zero emission car that would cost $150, say, more 
than the car that was pretty bad on emissions, and you would not be 
able to sell it. Do not forget we operate in a free competitive market, 
and a very competitive one, I might say, too. 

Mr. SATTERFIEI^D. If you can save 13 percent, as you claim, I think 
that would be a pretty good selling point. 

Mr. COLE. We might be able to sell it, and we may try. 
Mr. SATTERFIELD. Well, I would like to ask you this, too. We were 

talking earlier, when I asked you questions about the pool. Yesterday, 
we had the American Petroleum In.stitute, a representative from 
Mobil Oil, and a representative from Texaco, and they testified that 
there would be a substantial energy loss in the production of 91 octane, 
nonlead gasoline. 

You seem to disagree with that, and I wondered if you could tell 
me why we should not believe them. Where are they wrong? 

Mr. COLE. Well, we are not in the refining business, and you have 
to ass\nne they are right. We commissioned an outside organization 
that we liave great faith in to examine it, and they have come back 
and reported to us now that 50 percent of the fuel that is made avail- 
able for 1975 could be made unleaded, and even more without a penalty 
on crude. 

We will submit that data to you, and then you can determine for 
yourself, b(!cause we are not in the refining or oil distribution business, 
and I would rather stay out of this part of the argument. 

Mr. S.\TiERFiELi>. All right. 
Ijct mo ask you one otlier question. Somewhere in your testimony, 

it might have been in response to a question that I asked, we were 
talking about the weighted sales, was that whatever formula you 
use  

Mr. COLE. Sales weighted. 
Mr. SATTERFIELD. Sales weighted. 
In answer to my question. I understood that you said that 3 percent 

of the 13 percent you would pick up was allocated to the additional 
production of small cars. 

Mr. COLE. That is correct. 
Mr. SATTERFIELD. I would be interested in knowing what percental 

of the 1973 GM models were small automobiles. 
Mr. COLE. Well, the category—how you categorize small, interme- 

diate, subcompact is a most difficult kind of a thing. What we will 
do—I do not have that information right on the tip of my tongue, but 
I would say about 25 percent of our cars that we produce could be 
cla.ssificd in the small ai-ea, and that is with six-cylinder engines and 
that sort of thing. But we will put that into the record as accurately 
as we can. 

Mr. SATTERFIELD. I would appreciate that, as well as w^hat percentage 
of the same standard of small car you expect for 1975. 

Mr. Coij;. We will do that, and of course, rieht now we are capacity 
limited for small cars, and we will be capacity limited for 1975, because 
what we do for 1975, we have already practically done, and there is 
no way to change that very much. So we can give you a pretty good 
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picture of how many small cars we will probably sell, but we cannot 
tell you how many big ones we will sell. 

[The following information was received for the recoixl:] 

GM SMALL CAK SALES IN 1973 MODEL YEAR 

General Motors sales of "small cars" in the 1973 model year constituted 22% 
of Its total new car sales. The "small car" definition, for purposes of this state- 
ment, Is typified by the following GM models: Apollo, Camaro, Vega, Nova, 
Omega, Firebird and Ventura. When "Intermedlate"-8lzed cars are added, the 
percentage Increases to 50% of GM's total sales. 

OM SMALL CAR SALES PROJECTED FOR 1975 MODEL YEAR 

Due to the increasing demand for small cars in the market, OM began last 
year a $300 million shift of production emphasis to respond to this trend. How- 
ever, the Arabian/Israeli war and the oil embargo imposed new factors on the 
new car marliet which have necessitated a reevaluation of future production 
plans. Since new car production depends upon many long lead-time factors, a 
realistic projection of rather specific 1975 market conditions for GM products is 
unavailable at this time. However, our current sales of intermediate and smaller- 
sized 1974 model cars are running approximately 52.7% of our total sales. 

It is safe to say that, with the small car demand in the market strengthening, 
GM will do all in its power to provide its customers with both the number and 
type of new cars they wish to purchase. 

Mr. SATTERFIELD. I have one final question I would like to ask 
Mr. Terry and Mr. Misch, and that is what is your assessment of the 
catalytic converter in terms of longevity ? 

Do you consider this to be a temporary interim device to meet stand- 
ards, or do you feel that we will have it permanently, and that you 
will not be able to look to a different type engine or different 
parametered engine ? 

Mr. TERRY. Well, we feel definitely that it is temporary. And wo 
do not think that catalysts will be a long-term solution to the emissions 
problem, or in conjunction with the piston engine or any other kind of 
enmne. We are looking for better solutions. 

We do have to have some idea as to where the emissions controls 
are going to end up in order to even evaluate these other powerplants. 
But we reel that if the catalysts do go in, that they are going to be a 
short-term matter. 

Mr. SATTERFIEU). If we granted a moratorium, would you begin to 
work immediately on an alternative solution ? 

Mr. TERRY. We certainly would. 
Mr. SATTERFIELD. Mr. ilisch ? 
Mr. TERRY. We already are. 
Mr. MISCH. I think we look at catalysts as probably playing a role 

for a long time in the solution to the emissions control problem. I 
think we, down the road, look at quite a mixture as to what might be 
required. That is one reason why we are suggesting that we have a 
carryover 1974 to avoid the catalyst requirement just at this time, 
just during this energy situation. 

Now, we still have—and I did not make the point, although I made 
it in my last testimony—to consider what might happen in California. 
And before when I was here, we were opting for a two-tier approach 
whereby California—which has one of the most severe problems—of 
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their own volition, would ask for a waiver that would require catalysts. 
That would be 10 percent of our Ford production if we just satisfied 
the California market. 

So it would be an excellent production tryout. We are not asking 
for a moratorium or carryover standards of any kind without also 
suggesting that a firm standard be established for 1977 or 1978, what- 
ever the case may be, on the length of carryover. So that firm standard 
could be the target toward which all of us could work. 

Let catalysts be "the horse to beat," if you will. There are other 
approaches. We happen to think there are some. We are putting a 
lot of investment in some other approaches that would avoid catalysts, 
but not across the board. 

If you just look at the problem, it is going to be many years before 
we could convert all of our engines to some other approach. So we are 
saying catalysts are going to be there. We are not sitting here saying, 
"Give us a moratormm so we can put the catalysts people out of 
business." That is not true. 

Mr. SATTERFIEU). I am not suggesting that, but you would use this 
time to try to develop some alternatives. And would it help here if you 
had the time to do it ? 

Mr. MiscH. Yes, sir. It would. 
Mr. COLE. Could I speak to that ? 
Mr. SATTERFIELD. Yes, sir. 
Mr. COLE. We have been using the time for about 20 years to try 

to come up with alternate power systems, and I indicated that earlier. 
And we find in our work there are certain unregulated emissions that 
come out of stratified charge engines that could be very easily regu- 
lated, because they are aldanydes that are very reactive. And the only 
way we know how to clean those up is through a catalytic conversion. 

So you could end up with a very expensive stratified charge engine, 
and still need a catalyst. And I cannot understand why people think 
catalysts are all bad. It is the same kind of a thing that all of the 
farmers use. It is a sceptic tank at the end of the line, and for what- 
ever escapes you convert it. I would like to take on Mr. Terry for just 
a moment in this area, and comment on his statement that when the 
catalyst goes bad, the engine puts out higher emissions. 

Well, what happens when you do not have a catalyst, and the 
engine goes bad? This is—if you have got a good catalyst, why it 
takes care of that situation. 

Mr. TERRY. Well, the advantage, of course, is that when the engine 
goes bad, a spark plug misses and you get 10 times as many hydro- 
carbons in a car where a spark plug is missing, you know there is 
something wrong with the performance of the car. 

"V\Tien a catalyst goes bad. you do not know that. And you can go 
ahead running indefinitely with the catalyst completely inoperative 
and not even know the difference. 

Mr. MiscH. Mr. Chairman ? 
Mr. ROGERS. One more comment. 
Yes. sir. 
Mr. Miscir. Would it be presumptuous of me to suggest that perhaps 

I could point out two or three areas where we seem to be in agreement 
at least, and maybe we differ on others? 

Mr. ROGERS. Yes. 
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Mr. MiscH. We are all saying that we are asking Congress to take 
action on the 1976 standards by the end of the year, and also indicate 
what, if anjthing, is going to be done with regard to 1975 by the end 
of the year. 

We all also are asking  
Mr. ROGERS. Of this year? 
Mr. Miscn. Of this year. 
We are also all of us asking for some gnidanre as to what the ulti- 

mate NOx standards would be, so that we could direct our future work 
more appropriately toward that standard. The other thing we are 
asking for is that whatever action is taken, that would bear upon 
whether or not unleaded fuel is going to be required, be done 
espeditiously. 

Those are the things, I think, we are agreeing on. 
I think we have some other common positions. We are all saying 

that if you use leaded fuel on catalyst cars, consistently, it would ruin 
the catalyst. If you do not use it too often, maybe tney will spring 
back. We are saying when you convert to all unleaded fuel it wiU 
ultimately result in some less yield from a barrel of crude oil. 

And we also are all saying that when you tighten the NO, stand- 
ards, you are going to get poorer fuel economy. I think we have all 
agreed on that, and I think we have said that there is a fuel economy 
benefit from catalysts that varies from about a "wash" in the case of 
Chrysler to 1.3 percent improvement accordinff to General Motors. 
Actually, 10 percent according to General Motors, I guess for the 
catalyst itself. 

Ford is saying catalyst versus no catalyst is about 8 percent. So 
we are probably not quite as far apart as people would imagine. 

And the last thing is. I think we agree, if we could do it and still 
control emissions, higher compression ratios would help fuel economy. 

Mr. RooERs. Thank you. 
Any other questions? 
Mr. CARTER. Mr. Chairman, just one or two more points here. 
Mr. ROGERS. Quickly if we could. 
Mr. CARTER. Yes, thank you. sir. 
I have heard some rather important people in the motor industry 

say that they had checked air going into cars, and that in some cases 
there were more pollutants in this air than were in the exhaust 
emissions. 

Is that correct ? 
Mr. COLE. It can happen. 
Mr. Miscii. It can happen. 
Mr. TERRY. It is possible. 
Mr. Miscii. It is possible at times that the actual ambient hydro- 

carbons in the test laboratory can be higher than the control levels 
on a 1975 vehicle. 

Mr. CARTER. I read the preliminary statement of Yale I''^niversity, 
and I was very much interested in that. I did not know that you had 
commissioned this group to do it. But I want to compliment you on 
it. 

And in that preliminary statement, I believe, they at least intimated 
that some of the noxious substances, or some of the substances, which 
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we have set standards for and considered noxious may not be the 
ones that cause tlie most trouble at all. Is that correct ? 

Mr. TERRY. That is correct. That is very [)ossible. We have to de- 
fine what a pollutant is, you know. We say hydrocarbon is a pollutant, 
but there are hundreds of different hydrocarbon compounds. Some of 
them lead to photochemical smop; some of tliem have nothing to do 
with it. The same is true of oxides of nitropen. We have NO, NOj and 
N2O3 at least, which are all different, and have different effects. But 
the standard does not take that into account. 

Mr. CARTER. Final question. Do you think there is any way you can 
reach the 0.41 NO, standards by 19^7 ? 

Mr. TERRY. NO, sir. 
Mr. Miscii. No, sir. 
Mr. COLE. NO, sir, and furthermore, we cannot reach the HC and 

CO standard by 1976 or 1977. 
Mr. CARTER. None of it by that time? 
Mr. COLE. That is right. 
Mr. CARTER. Thank you. And I feel you gentlemen are telling it 

as it is. 
Mr. ROGERS. Mr. Hastings. 
Mr. HASTIXOS. In my usual brevity, just one question. It has nothing 

to do with the subject matter at hand, but we very seldom get all three 
of you represented in front of us. And I have been very unhappy 
about the Department of Transiwrtation, and its mandate that you 
go to the interlock system between the seatbelt and the ignition. 

And I would just like you, if you will, and you could make this 
off the record, it is perfectly all right with me. Are you having any 
difficulty with the interlock system at GM ? Out in the field now where 
they are in operation ? 

Mr. COLE. Yes, we are having difficulty. 
Mr. HASTIXOS. That is all I want to hear, sir. 
Mr. COLE. In two ways, and this is customer dissatisfaction with 

the principle of the system, and some failures. 
Mr. HASTIXOS. That I agree with. 
OK? 
Mr. MiscH. Not too many failures, but we are having customer dis- 

satisfaction. But I want to hasten to say that if we can get people to 
use these belts, it is going to save lives. 

Mr. HASTIXOS. I did not want the editorial. I just wanted the answer. 
Mr. RooERs. He does not want to hear the truth. 
Mr. HASTIXOS. YOU sound like DOT now. 
Mr. TERRY. We are having some dissatisfaction in the field, yes. sir. 
Mr. HASTIXOS. Thank you very much, Mr. Chairman. 
Mr. ROGERS. Gentlemen, you have been most kind and helpful to us. 

We are sorry to inn)ose on you. 
Mr. COLE. Could I just add one thing. Chairman Rogers? 
Mr. ROGERS. Yes. 
Mr. COLE. That I witnessed the production of the first air cushion 

car that we turned loose to the public just last week. "\ATiether it is 
good or bad  

Mr. HASTINGS. Were you gratified ? 
Mr. COLE. Very gratiiRed. We have 1.000 in the field. 
Mr. R(X;ERS. IS that right ? Terrific. 
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May I say we still have some witnesses to hear. We are going to do 
it as quickly as possible. And before members get away, too, we are 
meeting at 9 o'clock in the morning to hear either Mr. Simon or his 
assistant from the Energy Office. 

Thank you for being here, and we are most grateful for your testi- 
mony. 

It would be most helpful if we could get the information for the 
record as soon as possible. 

Our next witness is Mr. Brian Ketcham, Office of Planning and 
Implementation, Department of Air Resources, the city of New York. 

And he is accompanied by Dr. William D. Balgord, New York 
State Department of Environmental Conservation. 

The committee wishes to express to you our appreciation for your 
help to tlie committee, and your willingness to bear with us in our 
time schedule. It was all upset with the meeting of the full committee. 

We will be glad to receive your statement, and any comments you 
would like to make. 

STATEMENT OF WHIIAM D. BALGORD, PH. D., SENIOR RESEARCH 
SCIENTIST, NEW YORK STATE DEPARTMENT OF ENVIRONMEN- 
TAL CONSERVATION; ACCOMPANIED BY BRIAN KETCH AM, 
CONSULTANT; AND STEPHEN WILDER, AUTOMOTIVE SPECLAL- 
1ST, CITY OF NEW YORK DEPARTMENT OF AIR RESOURCES 

Mr. BAIXJORD. Thank you. 
My name is William D. Balgord. I am senior research scientist for 

the New York State Department of Environmental Conservation. 
With me are Brian Ketcham, a professional engineer, and Stephen 
Wilder, an automotive specialist. Mr. Ketcham and Mr. Wilder are 
with the City of New York Department of Air Resources. 

Mr. ROGERS. We welcome you gentlemen to the committee, and I 
appreciate your patience. 

Mr. BALGORD. We are not here in our official capacities, but only as 
concerned citizens. 

Mr. ROGERS. I understand that, 
Mr. BAUJORD. The 1974 model year cars have lousy gasoline mileage. 

How come ? 
It is popular to blame this on the environmentalists, but to say you 

cannot have clean air and good fuel economy is wrong. I^et me explain. 
There are two fundamentally different ways to clean up the ex- 

haust fumes from the piston engine. One is to add on devices which 
detoxify the fumes, like a filter on a cigarette. 

The other is to alter the actual combustion chemistry with changes 
in the carburetion and spark timing. This means tuning the engine for 
minimum emissions rather than for peak power efficiency. This is sort 
of like cigarettes made from denicotinized tobacco. And to stretch the 
analogy, we must admit that the new flavor is not very popular. This 
is called the engine modification approach. 

Detroit is very, very cost conscious. Wiien vou build 10 million cars 
a year, a penny saved is $100,000 earned. Since there is no cost dif- 
ference between an advanced spark setting and a retarded one, between 
a small hole in a carburetor jet and a smaller one. Detroit prefers the 
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engine modification approach. After all, add-on devices cost money. 
Money to make and money to install. 

The drawback to engine modifications is that while the exhaust 
does get cleaner, the engine suffers in other ways, sometimes badly. 
All of you are probably familiar with the late-model cars that are 
hard to start when cold and, once warm almost as hard to stop. With 
engines that idle roughly, stall frequently, and sometimes burn their 
valves. 

But what concerns us most is that gas mileage has gone down and 
down and down. These drawbacks put a limit to how much you can 
clean up the exhaust with engine modifications without making the 
engine so unpleasant that the customer will not tolerate it. I suggest 
that we are at or close to that point with our 1974 cars. 

There are doomsayers who insist we can go further; that 1974 is as 
far as we can go, as clean as we can stand. They imply that if the 
standards get any tighter, then all the side effects will get worse. They 
are wrong. 

As the standards get tighter, the carmakers \^^ll have to shift to the 
add-on approach. 

The advantage of the add-on approach is this: Add-on devices 
such as the catalyst enable the engine designer to tune the engine for 
ideal performance for power, economy, smoothness, and long life. An 
engine freed of engine modifications can Iw designed to develop power 
from its fuel as efficiently as possible. The pollutants are captured and 
controlled after the power is generated. 

It has lieen said that even with the add-on approach, or with a com- 
bination of both approaches, it is simply not possible to meet the 
statutory limits originally scheduled for the 1976 model year. This, 
too, is wrong. 

I have put together an add-on system on a 1972 Matador using dual- 
bed catah'sts, using existing technology and existing hardware and 
it meets those stringent standards. It me^ts them without the enormous 
loss in fuel economy that we have been told is inevitable. In fact, at 
expressway speeds, this system appears to offer the same improvement 
as cutting one's speed from 70 to 50 miles an hour. 

Furthermore, this add-on system does this with none of the drive- 
ability problems that plague consumers today. This car is easy to 
start and it does not stumble, stall, or hesitate. Finally, it will cost 
very little more than the catalyst system GM is planning for 1975 
California cars, as it is only a modest extension of that system. 

I have a formal report on this system and its first 2.5,000 miles 
which I submit for the record. My colleagues and I will be glad to 
answer any questions you mav have. 

[The status report referre<f to follows:] 

STATXTS BBFOBT 

EMISSION CHARACTERISTICS OF A 1872 AMERICAN MOTORS MATADOR E<JUIPPED 
WITH A BAI/IORD PVAI.-BED CATALYTIC EMISSION CONTROL SYSTEM AFTER 
25,000 MILES OP SERVICE TESTING 

(By Dr. William D. Balsrord. Senior Research Scientist. New Tork State 
Department of Environmental Con.servation—December 3,1973) 

Alwtract.—A 1072 Matador lias Iteen made to meet the oriffinal 1976 (now 
1977) emission standards for 25.000 miles, the distance at which EPA permits 
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catalysts to be replaced. The modifications consist of a dual-bed catalyst system 
with air injection, a 10" spark retard during the initial 90 seconds, and 14.0:1 
air/fuel ratio carburetor jetting. Kuel economy and acceleration are improved 
over  the  base car.  Driveability  is equal  to pre-1968 uncontrolled engines. 

In May of 1973, the New York State Deiiartnient of Environmental Conser- 
vation ecjuipped a 1972 American Motors Matador with a prototype exhaust 
emissions control system and subsequently found the vehicle capable of meeting 
the original 1975-70 federal standard.s for total hydrocarbons, carbon monoxide, 
and nitrogen oxides. The vehicle, V.I.N. A2A1.57H2987H3, is a four-door sedan 
with 304 cubic inch displacement V-S engine, automatic transmission, power 
steering, and curb weight of approximately 3..TOO lbs. Its current odometer read- 
ing Is greater than 50.000 miles. It is one of a fleet of identical vehicles purchased 
under New York State contract in 1972. Since delivery, the vehicle has operated 
exclusively on Amoco commercii.l-grade, lead-free gasoline and ARCX> develop- 
mental ashless engine lubricant. Routine maintenance has been performed at 
factory-8i)ecified intervals. 

The dual-be<l catalytic system, which in its present form has been on the 
vehicle for more than 25.000 miles, consists of parts obtained from American 
Motors, Engelhard Industries, Oould Laboratories and Maremont Corporation. 
Its es-sential features are: 1) air injection to two iwints in the exhaust system, 
2) carburetlon adjusted to approximately 14.4:1 alr-to-fuel ratio by weight at 
steady speeds and road load. 3) a dual-point distributor to provide 10* retarded 
siiark during the initial 90 seconds after cold-start, 4) two Gotild reduction 
catalysts, and 5) two Engelhard PTX oxidation catalysts. 

Averaged emission levels In five tests (Table I) taken at 25,000 system miles 
axe: 

orinlnal 
ttondard* 

Hydrocarbons (HC), 0.32 grams per mile 0.41 
Carbon monoxide (CO), 1.86 grams per mile 3.40 
Nitrogen oxides (NOi), 0.36 grams per mile    .40 

Although many others have achieved such control of HC and CO, this deeree 
of NO. control Is unique. 

Because of the importance attached to the current state of technology regard- 
ing control of nitrogen oxides, linear regression analysis of the NOx data obtained 
at 2.500. 4.000, 9.000, 16 000 and 25,000 miles (shown in accompanying table) 
was performed. Statistical analysis showed the NOx level at 25,000 miles to be 
0,40 grams/mile (standard not exceeded) with a correlation coefficient of 0.97. 
It may be inferred from the statistical data, with a high degree of certainty, 
that this automobile meets the rigorous standard of 0.40 grams/mile NO. 
emissions at 25,000 miles in addition to the hydrocarbon and carlwn monoxide 
standards of 0.41 and 3.4 grams/mile, respectively. Since EPA rules permit re- 
placement of all catalysts at 25.000 miles, it may be inferred that this system 
Is capable of meeting the .")0.000 mile certification criteria. In so doing it Is 
the first vehicle to have demonstrated the ability to meet the original 1976 
standards. 

Fuel economy determined by the EPA "carbon balance" method at low speeds 
show little difference from EPA data for the same make, model and engine 
clas.s. However, in-use fuel economy has been improved 20 to 25 percent relative 
to the other 1972 Matadors operated by the State of New York. Cumulative fuel 
economy relating mostly to highway and turnpike driving on a large fleet of 
1972 Matadors oi>erated by the State Is approximately 13 miles per gallon. 
Under similar driving conditions, the test vehicle has averaged 16 miles per 
gallon. On a recent trip of 800 miles in five legs at average speeds of 68 MPH, 
fuel consumption was 17.5,18.3,18.6,18.7 and 20.0 miles per gallon. An in-line fuel 
meter (specified at ±0.8% error) was used. The odometer has been checked re- 
peatedly and found to have a slight negative error, i.e., more miles actually 
accumulate than register on the odometer. 

Performance and tiriveabillty of the modified vehicle are superior to other 1972 
Matadors in the New York State fieet. Modified carburetlon, set slightly rich 
of stoichiometric. has reduced tendencies of the engine to stall when cold and has 
e'lmlnated the off-idle fiat spots. Tnllkp 1973 models with exhaust gas recycle 
(EOR). there is no perceptible stumble and surge during acceleration and there 
are no fluctuatloas at high-speed cruise. Acceleration from zero to 60 MPH 
takes 11.0 seconds. By comparison, a 1973 Matador with the same engine and 
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transmission but equipped wltti EGR required 15.0 seconds under the same 
driving conditions (level ground, dry pavement, low wind speed). 

The improved performance and fuel economy relative to stock 1972 Matadors 
i.s attributed to several factors: (1) avoidance of overly lean carburetlon which 
results in occasional misfire, (2) a distributor advance curve tailored to 
minimum advance for l)est torque which improves eflSciency (fuel mileage) at 
part-throttle cruise, and (3) by-pass of the transmission-controlled spark 
advance speed switch provides normal spark advance at all speeds and in all 
transmission ranges whenever coolant temperature is alwve 160°F. 

The prototyiw vehicle has been subjected to the habits of several drivers, to 
rei>eated indoor testing as required by the Federal Test Procedure, and to ad- 
verse ambient conditions: cold start at —l.TF, 70-f MPH operation at 95°F, 
the salt and chuekholes of winter roads, and sizeable hills in New York and 
adjoining states. On one ocasslon it was driven to the top of Whiteface Mountain 
(elevation 4.700 feet) for a series of experiments. The distribution of usage Is 
estimated as follows: city-suburban 40%. highway 207e, turnpike 40% of miles 
driven. 

About $50,000 has been spent to carry out the study of the dual-bed catalyst 
vehicle, not counting the donation of parts by Gould and Engelhard and per- 
formance of emissions tests by EPA, Gould and the New York Olty Department 
of Air Resources. 

TABLE I 

IT«tt—1975 Federal Test Procedure (LA-4 cold/hot test with constant-volume sampllni): Car—Modified 1972 American 
Motors Matador (304 CIC V-S, auto, trans.) equipped with Balgord dual-t>ed cataiirtic emission control system) 

Grams per mite— 

uarDon 
System mll«*(e and test Itb Hydrocarbons        monoxide 

Carbon Nitroien 
oiidu 

2,500: 
New York City Department of Air Resources, Bureau of Motor 

Vehicle Pollution Control  
Do  

4,000: EPA Motor Vehicle Emission Laboratory, Ann Arbor  
9.000: 

t<ew York City Department of Air Resources, Bureau of Motor 
Vehicle Pollution Control  

Do  
16,000: Gould Laboratories, Cleveland  
25,000; 

Gould Laboratories, Cleveland  
Do  
Do  
EPA Motor Vehicle Emission Laboratory, Ann Arbor <  
Do.'  
Do  
Do  

0.30 1.44 cot 
.23 2.30 .16 
.33 2.99 .11 

.36 3.18 .23 

.37 3.86 .19 

.30 3.30 .32 

.24 1.78 .29 

.34 2.06 .33 

.25 2.20 .36 
1.01 3.37 .40 
.68 3.22 .32 
.40 t.S8 .36 
.37 1.67 .47 

> Eniine false started and stalled several times because the driver failed to follow starting instructions. This resulted 
in unnecessarily prolonged cranking and, as the other tests at this mileage show, exorbitant emissions of HC and CO. 
Because the starting procedure was improperly executed, the EPA agreed to perform additional tests. It is the valid data 
from the latter which are used in this paper's calculations. 

Responses to EPA criticisms of the Balgord dual-bed catalyst system: 
1. The system required tine tuning before each emission test. 
This is true but unimportant. The Balgord car is equipped with a conventional 

carburetor. General Motors has now developed a "pressure compensating" car- 
buretor which automatically makes the same adjustments to compensate for 
changes in barometric pressure. Such carburetors were not available to Dr. 
Balgord In time to be part of this prototype system but they are now available 
for test and development use. Such carburetors would eUniinate the need for 
recalibrating the carburetor before an emissions test. 

2. The spark timing and the air injection are altered manually during the 
test, an unreasonable requirement for an ordinary motorist. 

This is a matter of money, not of technology. On a prototype system of any 
design, it is normal engineering practice to simplify the expensively handbullt 
mechanism at the cost of complicating its operation. The purpose of this pro- 
totype system is to test the concept, not make it easy to use. Subsequent examples 
of the Balgord system for development testing will assuredly have automatically 
timed spark retard and air injection snl>systems. These will probably l>e simple 
clockwork devices to change the settings at 1*^ minutes after a cold start. 
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4. The Balgord car is a fluke, a oneof-a-kind effort. It has not been duplicated 
on other cars. 

Well, they must have said the same thing about the Wright brothers. This 
project was done on a shoestring budget. The total cash outlay for developing 
a sy.stem that works has been less than $.30,000—much less than Chrysler spent 
to tell the world that these standards could not be met. The auto industry claims 
to have spent over two billion dollars, and their spokesmen say that they have 
not been able to duplicate these results. Frankly, we do not believe this. We be- 
lieve that Detroit has developed and tested Identical systems and probably others 
equally as good, but is keeping them behind locked doors. Once again, Detroit is 
waiting to be forced to take action. Well, this car calls Detroit's bluft. Is Bill 
Balgord that much smarter than their teams of engineers? He's done the job 
they said couldn't be done, but were they telling the truth? 

6. How do you feel about the proixised stretch-out of the original standards? 
How does it afTect the energy crisis? 

There are two stretch-outs. The Senate Public Works Committee is proposing a 
one-year extension of the ia75 Interim standards. I can buy this because these 
interim '7.3 standards are tough enough on HC and CO that most cars will have 
oxidation catalysts. 

Unfortunately, the BPA is having second, third and fourth thoughts about 
XOx control. They have asked the Congress for a 13-year stretch-out for the 
meeting of the 0.4 grams per mile. The limit is to be 2.0 from 1977 through 1981 
model year, 1.0 from 1982 through 1989 and 0.4 from 1990 onward. 

My judgment Is that the auto industry will remain with EX}R for 49 states 
through 1976 (California is 2.0 from 1975 onward) when the limit Is 3.1 grams 
per mile. I presume that in 177 they will achieve the 2.0 limit with proportional 
EGR, fast heat-rise manifolds and pressure-compensated carburetors. Giving 
the auto industry the benefit of the doubt, we would expect to see such cars suf- 
fering a ten percent fuel penalty (compared with 1972 model year cars) through 
1976. and getting equal mileage in model years 1977 through 1981. This contrasts 
with at least a 20 i»ercent economy gain with the Balgord system (perhaps more 
since the tests indicated 25 to 40 percent Improvements). From 1982 onward, 
the NO, limit is tight enough that catalysts will be necessary just as on the 
Balgord system, and there is no fuel loss or benefit. 

Therefore we can limit our computation to those cars produced during 1077 
through 1981. About ten million cars are made each year, and each one lasts 
about ten years on average. By 1990, when the last 1981 cars would be disappear- 
ing from onr roads, these non-Balgord cars would have consumed an extra 94 
billion gallons—about half of what we expect to extract from the Alaskan North 
Slope. Surely that's worth careful analysis. 

Mr. ROGERS. Thank you. 
This sounds like a very interesting development. You are saying 

you have simply used present technology on a 1972 Matador, and have 
reached 1976 standards? 

Mr. BALGORD. That is correct. 
Mr. ROGERS. Has anvone checked this other than you ? 
Mr. BAiyGORD. Yes. IPhis car has been tested in three laboratories. It 

has been tested by the New York City Department of Air Resources 
Laboratory, by the EPA laboratory in Ann Arbor and also by Gould 
in Cleveland. And the results generally agree quite closely among 
themselves. I have a copy of the EPA report that I would like to sub- 
mit for the record. 

[The EPA report referred to follows:] 

EvAirATION OF THE NBW YOBK STJLTF. DPAL-CATALTST VtrHICLE 

Test and Evaluation Branch. Emission Control Technology Division, Environ- 
mental Protection Agency—November 28,1973 

BACKGROUND 

Dr. William Balgord of the New York State Department of Environmental 
Conservation contacted the Emission Control Technology Division to request 
low mileage evaluation of a dual catalyst control concept. Testing of the vehicle 
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was arranged and conducted in June of 1973. Subsequent to thJs evaluation the 
vehicle was returned to New York State personnel for mileage accumulation. 
After compiling approximately 25,000 miles on the dual catalyst system. Dr. 
Balgord again brought the vehicle to the EPA Ann Arl>or test facility for 
evaluation. 

SYSTEM TESTED 

This dual-catalyst employs Gould reduction catalysts (model Gem. 67) for 
control of oxides of nitrogen and Engelhard oxidation catalysts (model 2B) for 
control of hydrocarbon and carbon monoxide. The reduction catalysts are located 
forward of the oxidation catalysts in the exhaust system. To facilitate quick 
attainment of system operating temperature and good start emission control, two 
techniques are employed. IMrst, the distributor timing is modulated for cold 
start. During starting normal ignition timing for the engine is set. Immediately 
upon engine start up the timing is retarded and employed for about two minutes 
before switching back to the normal ignition setting. To allow this timing modu- 
lation a dual |X)int distributor system is used in conjunction with manual switch- 
ing. While manual switching was employed in the prototype vehicle, production 
vehicles would utilize an automatic timed solenoid. The second technique in- 
volves start-up modulation of injection air. During the first two minutes of opera- 
tion following cold start air is injected at the exhaust ports in front of the re- 
duction catalysts. This injection leads to oxidation both in the exhaust manifold 
and in the reduction catalysrt. After two minutes the exhaust port air is shut 
off and only normal air injection in front of the oxidation catalysts is employed. 
Again, on the developmental system air switching is accomplished manually 
but in production this manual function would also be replaced with an automatic 
timed solenoid. 

The system as tested employed conventional carburetion calibrated to give 
a relatively constant carbon monoxide level of between 2 and 3 percent. Lean 
excursions of the carburetor have been minimized through careful bench cali- 
bration. Since proper system performance depends on operation within this 
carbon monoxide band, frequent calibration based on barometric pressure (air 
density) is required. (One planned test at the EPA was canceled due to ex- 
cessively low barometer.) In production this sen.«!ltivlty could be alleviated 
through the use of barometric pressure compensated carburetion techniques. 

The vehicle used for this .system demonstration was a 1972 American Motors 
Matador equipped with a 304 CID eight cylinder engine and an automatic trans- 
mission. The vehicle was tested at a 3500 pound inertia weight. 

MILEAOE ACCUMULATION  AND VEHICLE  MAINTENANCE 

The dual catalyst system was operated by New York State personnel for 
25,000 miles over a period of about 5% months in both city-suburban and high- 
way situation. It is not possible to assess the equivalency of this accumulation 
procedure with the current certification driving schedule. Lead-free Amoco pre- 
mium gasoline (as marketed in the eastern United States) was used exclusively 
for this mileage accumulation. New York State personnel reported that mileage 
accumulation will continue. 

In general, maintenance on the vehicle followed that recommended by Ameri- 
can Motors for its 1972 automobiles and did not specifically follow current 
certification procedures. As previously noted carburetor adjustments were fre- 
quently made to facilitate emission testing under varying barometric conditions. 

TEST PBOGRAM 

All testing was performed in accordance with the 197.T Federal emission test 
procedure as specified in the November 15, 1972, Federal Register (and ap- 
propriate subsequent modifications). Testing and vehicle operation required the 
use of unleaded gasoline. 

A total of five emission tests were run at the EPA laboratory in Ann Arbor. 
Michigan. The first was conducted in June of 1973 when tlie catalytic system 
was at low mileage. Early in November of 1973 the vehicle was te.sted twice 
after approximately 25,0(X) miles had been accumulated on the system. During 



that testing starting problems attributed to poor choke and inadequate driver 
operation were encountered. The vehicle was returned in mid-November after 
a comprehensive tuneup for retest. Two additional tests were run at that time. 
The first of these latter two tests was voided by a CVS operation error. 

Fuel economy for the .second and third series of tests ha.s been calculated using 
the carbon balance technique. For comparative punwi-ses the 1972 Federal emis- 
sion test procedure has also been used to calculate fuel economy. 

TEST BEBULTB 

Table I illustrates the 1975 composite emission results obtained during the 
EPA testing. Also presented are fuel economy data calculated using the 1972 
Federal emi.s.sion test results and the carbon t>alanoe technique. 

During tests #2 and #3 the vehicle stalled or fal.se started several times 
during the cold start. This poor performance stemmed from Inadequate choking 
and driver oiieration and led to relatively high hydrocarbon emissions. 

Test #4 after tuneup was characterized by good starting performance. This 
test demonstrated emission levels near the 1976 statutory limits. 

C0NC1.U8IOW8 

1. At low system mileage the New York State dual-calatyst vehicle met the 
1975 statutory levels. 

2. Excluding tests which were characterized by cold starting problems, after 
25.000 miles the dual-calalyst system is still operating near the 1976 statutory 
levels. 

3. Fuel economy measured was 11% poorer than for a comparable 1973 AMO 
vehicle but only 3% poorer than for a comimrable 1974 AMC vehicle. The test 
vehicle was a converted 1972 AilC vehicle, but no fuel economy data for a com- 
parable unmodified 1972 AMC vehicle is available. 

TECHNICAL ASSESSMENT 

The New York State dual-catalyst system closely parallels the type of systems 
reported by Gould and other manufacturers at the EPA hearings early this 
year. There are no significant technological differences employed by New York 
State except that the Oould catalyst utilized by New York State does not repre- 
sent the latest generation of Gould catalysts. The vehicle did display good emis- 
sion control for 25,000 miles of system operation as contrasted to the unfavor- 
able evaluations reported earlier to EPA by manufacturers. 

After meting with New York State personnel and analyzing the data pre- 
sented in this report, the EPA technical staff still considers their previous as- 
Bes-isment of the dual-catalyst approach as valid. Relatively tight control of air- 
fuel ratio is required mandating the use of advanced carburetion with air 
density compensation. The latest test data as reported here Indicates that after 
25,000 miles of operation the NO. control has deteriorated and is near the 
statutory limit. Previous information available concerning the Gould system 
would suggest that rapid deterioration of NOx control after 25,000 miles would 
also be expected to occur for the New York State system. New York State per- 
sonnel plan to continue mileage accumulation and subsequent data would be 
useful for verifying the deterioration rate. 

While the successful demonstration of 25,000 miles of emission control at 
the 1976 statutory standards Indicates the importance and potential of con- 
tinuing research and development of the dual-catalyst approach, a single success- 
ful test does not indicate that the dual-catalyst approach is ready for im- 
plementation on new vehicle production. In his July 30, 1973. decision the Ad- 
ministrator concluded that ". . . although the Gould catalyst has shown by far 
the t)eHt durability results of any (reduction) cataly.st to date, more work on 
matching the catalyst to the engine and on Improved fuel metering, accompanied 
by extensive durability testing, will be required before it will be ready for wide- 
spread vehicle u.se." The data obtained through the testing of the New York 
State vehicle does not materially change the data base from which the Ad- 
ministrator drew his July 30 conclusion. 
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TABLE I.-NEW YORK STATE CAR, ANN ARBOR EPA TESTING 

Oit> Test No. 
Odometer - 

iTilleage HC 

1975 FTP 

CO        COi NO. 

1972 FTP. 
miles per 

Ration 

Junes. 1973  
Nov. 1,1973  
Nov. 2,1973  
Nov. 23.1973  
1976 statutory standards  
Average 3.500 !b 1973 vehicle  

1 
2 
3 ( 

23,039 
49,035 
49,048 
49.175 

0.33 
1.02 
.68 
.37 
.41 

2.99 
3.37 
3.22 
1.67 
3.4 

746.5 
731.3 
751.4 

0.11 . 
.40 
.32 
.47 
.40 . 

 iLi 
11.4 
11.2 

 ii'9 
1973 AMC 3,5Ca Iti 334 CID (1 vehicle).. 12.S 
1974 AMC 3,S0O lb 304 CID (2 vehicles) . 11.6 

Mr. ROGERS. But in all three instances, you do meet the standards? 
Mr. BALOORD. Yes; the standards have been met. We would have to 

concede, like everything else, that there is a certain statistical aspect 
to them. And we feel that in particular the standard relative to the 
NOx emission is the important one, that in the past other catalyst com- 
panies—and for that matter, even auto companies—have demonstrated 
the ability of systems to control hydrocarbons and carbon monoxide. 
And the crucial thing we felt, at this point, was the nitrogen oxides. 

Now, a statistical analysis done on the data obtained from low 
mileage from 2,500 miles through to 25,000 miles indicates that we 
have in fact, met the statutoi-y standard for nitrogen oxides. 

Mr. ROGERS. That is very impressive. 
Mr. Satterfield. 
Mr. SATTERFIELD. Thank you, Mr. Chairman. 
I think your testimony is interesting and impressive, and I have 

only one question. What is the impact of your device upon the avail- 
ability of gasoline ? Do you use nonleaded gas? 

Mr. BALOORD. Yes; wo have used nonleaded gas with this vehicle 
since the inception of the propect; however, we would like to comment 
relative to the fuel economy. 

The first thing is that Mr. Stork of the EPA yesterday commented 
that the car showed an 11-percent decrease in fuel economy. We feel 
looking at the data obtained from a number of laboratories, as well 
as from EPA, that there really is not very much difference between 
fuel economy for this vehicle and the original 1972 model car. 

Now, keeping in mind this test is done with a preponderance of low- 
speed driving, the average speed during the LA—i test, which the EPA 
uses, is about 18 or 19 miles per hour. We have also data taken over 
the road, real world in-use data, which indicates a substantial increase 
in fuel economy. 

And wo feel that conser\-atively this represents perhaps 20 percent. 
It may be higher. It may be as high as 25 or 30 percent better. I can 
give you an example. 

About a month ago, before the inception of the 50-mile-an-hour 
speed limit that has been requested, we ran off about 800 miles of 
driving in five segments. The average speed at that time was 68 miles 
per hour, and the fuel economies for these five determinations were as 
low as 17V^ and as high as 20 miles per gallon. 

Now, I would offer here that there are not many cars of comparable 
size and engine type which could boast of such fuel economy at 
relatively high speed today. 

Mr. SATTERFIELD. That was a relatively constant high rate of speed; 
was it not? 



Mr. BALGORO. Yes. For the most part, it was averaging that speed, 
ifr. Satterfield. But we have also records called tachographs, which 
provide a continuous record of the speed of the vehicle versus the time 
it is in use. And it is surprising, or at least it was surprising to me 
the first time, the amount of detail or the amount of variation of speed 
which shows up. 

We think—well, that we are driving at constant speed and we really 
are not. 

Mr. SATTERFIELD. Would you think your speeds anywhere meet the 
profile of normal motor vehicle operation in an urban area, or a rural 
area, or in a suburban area ? 

Mr. BAUK)RD. I think to the extent the overall use of the vehicle 
has had a pretty good mix of different dri\ing. We estimate about 40 
percent of our driving has been city-suburban, about 20 percent normal 
highway, and about 40 percent on the turnpike or the New York State 
Throughway. 

Mr. SATTERriELD. Thank you very much. 
Mr. ROGERS. Dr. Carter. 
Mr. CARTER. It seems to me like you have a very marketable product, 

something that would surely do something for the American public. 
Have you tried to sell this? Have you made an effort to sell it to 

any of the automobile manufacturers? 
Mr. BALOORD. NO. sir. I think what the submission says here is that 

we have components that were provided from a number of sources, 
those being American Motors, Englehard Industries, Maremont, and 
Grould. And, although perhaps we have put this together in a little 
bit different way than other people have done before, that basically 
this is available technology. 

And as a matter of fact, we would offer that this is probably last 
years technology; and were we to set a car up today, we would prob- 
ably be able to take advantage of these newer developments and realize 
even better levels of performance in terms of emission c<Mitrol and 
fuel economy. 

Mr. CARTER. According to these figures here, you have already 
reached the 1975 standards, or ciuite a bit below it—or 1976. 

Mr. KETCIIAM. Mr. Carter, tnat is correct. I think you are misread- 
ing our reason for being here though. We have come to tell you about 
the car, and to tell you that we disagree with H.R. 11475. 

Mr. Satterfield, you just asked what the impact of the Balgord car 
would be as compared to either current technology. I will give you 
two examples. I did an evaluation of adopting the Balgord car in 
lieu of H.R. 11475. and the results come out to a savings in fuel of 
about 5.1 billion gallons of gasoline annually, just by the impact of the 
3 years of producing cars, 1975, 1976 and 1977, that is averaged over 
a 12-year period. 

Mr. SATTERFIELD. May I ask whether you cranked into there the loss 
that is occasioned by producing nonleaded gasoline? 

Mr. KFTTCHAM. No; I did not. Reduction of nonleaded gasoline would 
reduce that figure by some few percent. 

Mr. SATncRFiELD. You are just talking about the savings out of the 
tank of the car ? 

Mr. KETCHAM. That would be the savings gained in adopting the 
dual-bed catalyst systems. If you take that as 100 percent of total 
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savmgs, the refinery costs for just nonleaded gasoline are a very small 
percentage of that. In other words, the cost to get lead-free gasoline for 
use in this car is a very small cost in comparison to the savings that j-ou 
make from adopting the system. 

Now, another example that I ran, or the calculation that I ran was 
t« relate this to existing or proposed Senate regulations of extending 
for 1 year the 1975 interim standards, combined with adopting the 
EPA long-term NO, regulations of going to 2 grams per mile for 
the model year—I believe—1977 through 1981. Again we are com- 
paring this action against adopting tlie Balgord system for 1976 model 
cars. 

So assuming the Balgord system is adopted in 1976 you would see a 
savings of some 6.2 billion gallons a year averaged over 1.5 years. That 
comes to close to 94 billion gallons of gasoline. That is about half of 
what is projected to be available from the Alaskan North Sloj>e oil 
fields. 

Mr. CARTER. ^Vhat is the cost of these different mechanisms put on 
the car? 

Mr. BALGORD. I believe we heard testimony earliei- today from the 
Gould ])eople that the- 

Mr. CARTER. In this particular instance is what I- 
Mr. ROGERS. In other words, what did it cost you? 
Mr. BALGORD. AVliat did we spend on the project? We estimate about 

$50,000, but what it would cost to do this in the hands of the industrj' 
is quite a different thing. I mean, they have at their fingertips all of 
the advantage of mass production. 

And I think that—you want to know what it costs to do this car 
or  

Mr. CARTER. NO. What would it cost on a mass produced basis ? 
Mr. BALGORD. On a mass produced basis. I would go along with what 

Gould said, probablv a $60 to $65 addition to the sticker price. 
Mr. CARTER. Thank you. 
Mr. R0GER.S. Mr. Svmington. 
Mr. STMIXOTON. Thank yon. Mr. Chairman. 
Let us see now, Dr. Balgord. This car—you chose a Matador. Was 

there anv particular reason for that ? 
Mr. BALGORD. We actiially had rather little choice available to us 

The history of this is that we asked the State for a car to carry out 
these experiments, and that year, or the vear before, the State had 
entered into a contract with .\nierican Motors for this style of vehicle, 
and that was continued actuallv again in 1972 and 1973. 

So these were the vehicles available to us. 
Mr. SYMINGTON. The Matador. I guess, is a middle-sized, middle- 

priced car. Would that be true? It is fairlv hea^'y. 
Mr. BAIXJORD. The car—I think the curb weight is something just 

below .S,500 pounds. However, I would add that in the wav we have 
been operating the car with the equipment that we have on board, test 
equipment and also a so-called fuel cell—this is just an oversized gaso- 
line tank that has precautions aarainst fire-—that the weight in this 
condition is probablv more like 4,100 pounds. 

Mr. SYMINGTON. All right. 
Well, almost all of the witnes.ses have testified that the lighter the 

car, the greater the fuel economv. and in fact even under their svstems, 
the more effective the system itself. Would that be true with your  
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Mr. BALOORD. With this system ? 
Mr. SYMINGTOX. With your system. 
Mr. BALOORD. Most certainly, it would; yes, sir. 
Mr. SYMINOTTON. In your kind of simplified description of the 

difference, you talk about altering the actual combustion chemistry 
with changes in the carburetion and spark timing. It sounds almost 
simple, but it is not really, is it ? 

At least, it cost you a great deiil of money to develop that. 
Mr. BALOORD. Well, I think that we would say once one knows what 

to do, that it can be duplicated beyond that point for relatively 
small cost. 

Mr. SYMINGTON. IS this something that could be retrofitted on 
existing cars ? 

Mr. BALOORD. Yes, it could be. As a matter of fact, in a very real 
sense, this was a retrofit. I mean the car was—^'es. 

Mr. SYMINGTON. YOU recall Mr. Cole testified that it would be very 
easy to remove all of the emission controls from existing cars. This 
was something that Mr. Train disputed in his testimony. 

But would you say tiiat it would be just as easy to add your system 
to today's cars as it would be to remove the one that is already there? 

Mr. BALOORD. Unfortunately, probably not. 
Mr. SYMINGTON. Not quite. 
Mr. BALOORD. There are, of course, different categories of the things 

that can be done relatively easily versus things which are more diffi- 
cult. The second category are things like changing the compression 
ratios or the valve timing. Changing valve timing mvolves changing 
the cams, and that is a fairly major operation. 

Excuse me. Would you like to comment on the aspects of retrofit 
as it might apply to taxis ? 

Mr. KETTHAM. Yes. We in fact in the city of New York have 
adopted the strategy of retrofitting some specialized vehicles in our 
State transportation controls plan. One of those is to retrofit our 
taxi fleet so that they meet certain emission specifications. 

At this point in time, we are talking about the interim 1975 stand- 
ards for taxicabs for early 1974. However, we would like to go ahead 
with the system similar to what Bill has developed, and retrofit those 
to taxicabs. 

We have with EPA funding been exploring retrofitting of inter- 
mediate and heavy-duty trucks within the city, including the use of 
catalytic devices. And we are going through a process now of selecting 
various devices which may or may not work, and determining the 
impact of those devices. 

Mr. SYMINGTON. I thank you very much for your testimony. 
Thank you, Mr. Chairman. 
Mr. ROGERS. Mr. Heinz. 
Mr. HEINZ. Thank you, Mr. Chairman. 
I want to thank the witnesses, Dr. Balgord and the others, for some 

very provocative testimony. And I have no questions at this time. 
Mr. ROGERS. Mr. Hudnut. 
Mr. HuDNiTT. Just one question; thank you, Mr. Chairman. 
Is all of the equipment that you retrofitted onto the Matador equip- 

ment that is alreadv being manufactured, or did you invent some of 
it; and if so, do you have patents on it ? 
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Mr. BALOORD. The answer to the last of those is no. What we have 
done, with assistance from the corporations we already named, is to 
package available technology. We have no patents on this. I do not 
think there would be any. The other question was, are these components 
manufactured. I think that they all are, except perhaps tlie nitrogen 
oxide catalyst provided by Gould. 

But I think they (Gould) also would be in a position to provide these 
in a fairly good volume on a relatively short notice. So that it would 
not be a difficult thing to conceive of a project involving perhaps as 
many as 50 vehicles to demonstrate their operation on a fleet. 

Mr. ROGERS. Well, I think we ought to bring this to EPA's attention. 
Let us see what they are going to do about it. 

Mr. HuDNUT. Right. 
I yield to the chairman to pursue the point. 
Mr. ROGERS. Don't you agree ? 
Mr. HuDNUT. Yes. 
Mr. ROGERS. I think we should, and the committee will. 
Mr. KETCHAM. I would like to respond to Mr. Hudnut's question. 
Mr. ROGERS. Certainly. 
Mr. KETCHAM. I think what is unique here is that Dr. Balgord has 

taken a set of existing hardware, and has been able to combine it in 
a way that he has been able to meet the Clean Air Act standards, like 
nobody else has been able to do. This car has operated 25,000 very 
hard miles. He has been very careful to use Amoco lead-free gasoline 
in it. 

But it meets those standards at that mileage limit, and EPA allows 
you to replace those catalyst elements at that point. 

So I think that what we are trying to show—what we are trying to 
tell you—is that maybe the job can be done. It has been done on a 
shoestring budget. You might want to compare Balgord's budget to 
what Chrysler spent for two full-page advertisements in the New York 
Times to tell how it cannot be done. That is about the size of the entire 
budget that he has had available to meet these standards. 

Air. HuDNUT. Well, Mr. Chairman, the thing that confuses me is 
that we have been here all afternoon hearing about the difficulty of 
the problem, how the.se automotive giants have spent years and untold 
millions striving toward what appear to be unattainable goals; and 
here we have three very intelligent young men who seem to document 
the assertion that the automobile industry really does not want to get 
there very fast. And that is why they are asking us to delay and defer. 

Really, if you take all of the know-how in Detroit and assemble it all, 
and put it in production; it seems to me the job can get done. And I 
disagree with what was said earlier. I do not think the American 
people would be disinclined to pay $65 more for a car if it were a car 
that would achieve this kind of emission control. 

Mr. ROGERS. And also, I would think it would be helpful if you 
could add what your mileage has been; so that we can pursue that. 

[The fuel economy data requested is provided in the Status Report 
dated December 3. 197.3, p. 344, this hearing.] 

Mr. CARTER. Mr. Chairman. 
Mr. ROGERS. Yes. 
Mr. CARTER. I want to thank these gentlemen. I understand they 

came down at their own expense. 
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Mr. ROGERS. Their own expense, and this is most important, we are 
most grateful. 

Mr. CARTER. I thank tliem for coming, and for their presentation, 
whicli I tliink was very good. 

Mr. ROGERS. We are very grateful to you, and we plan to follow 
this up to see what can be done. 

Mr. KETCHUM. Thank you. Mr. Chairman. 
Mr. BALGORD. Thank you, Mr. Chairman. 
Mr. ROGERS. We aie grateful for you being here. 
Our next witness for. I understand, a very short statement is Mayor 

C. W. Thomas, Stillwater, Okla. 
Thank you. 
Mr. Mayor, you can take the stand here, and if you will identify 

yourself, we will be very pleased to receive your testimony. Dr. Carter 
was very anxious to have the committee hear your statement, and we 
are most pleased to have you. 

Mr. CARTER. Mr. Chairman, if you would yield on this ? 
Mr. ROGERS. Certainly. 
Mr. CARTER. We are going to see the other side of the coin, from the 

dealer's side; and I happen to know several dealers and the trials 
they are undergoing at the present time. And this is why I thought 
we should hear him. 

Mr. ROGERS. Certainly. I think this will be very helpful. 

STATEMENT OF C. W. THOMAS, MAYOR, CITY OF STILLWATER, 
OKLA. 

Mr. THOMAS. Mr. Chairman, Congressmen, I am C. W. (Bill) 
Thomas, the mayor of the city of Stillwater. I am the vice chairman 
of the Ford Dealer Organization of our countrv. I serve as a vice 
chairman of the Oklahoma Good Roads Association, and was the 
recipient of the Saturday Evening Post award in 1968. 

I am not here in an official capacity. I was not invited here by Ford 
Motor Co. or anybody else. I am en i-oute to liave some bonds rated at 
Standard & Poor's tomorrow on a new hospital we are building. 

But my concern is I know you gentlemen are hearing the finest 
talent in the country relative to the engineering emission problems and 
how to resolve them. But we as automobile dealers and the consumer, 
with which we deal on a day-to-day basis, have a catastrophic problem 
ahead of us as I see it, and a part of which is something that perhaps 
you might be able to do something about. 

I am afraid that we, the public and automobile dealers are caught 
between these industrial giants. And when I say that I see General 
Motors on one side. I see Ford, Chrysler, and American Motors on 
the other. I congratulate you on your laborious efforts here to try to 
secure the facts. But I am not sure that this is not a power play with 
the consumer as the man at the low end of the totem pole. I wonder 
what commitments have been made for a Wankel engine, requiring 
catalysts and perhaps if this is going to afford a material marketing 
gain for one giant over another giant. 

But we. as a consumer, and we, as an automobile dealer, are facing 
the public on a daily basis; we do not know whether you realize this 
or not, but when one walks into an automobile dealership, or if you 
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stand around a dealership sliowroom floor you would hear an awful 
lot of people p'ly'mg you men right here a lot of unfavorable compli- 
ments that perhaps you are not entitled to. 

Mr. ROGERS. Well, we hear that not only from automobile companies, 
I might say. 

Mr. THOMAS. Well, as a mayor, I am even a little closer to the local 
level. 

Mr. ROGERS. Then you are aware of this, too. 
Mr. THOMAS. That is correct. The concern that we have—a part of 

which takes place right in our dealerships. Now, over the past few 
years perhaps it should be recognized that we, as a consumer and as 
an automobile dealer, have paid a large price to date for cleaning up 
the air. And that does not mean that we do not want to continue to 
clean the air up; but I would call to your attention that we have a 
tremendous problem from the standpoint of drivability of our product 
today. 

I served as a chairman of the dealer council subcommittee for the 
service managers of the Ford organization last year, and I listened 
to these men from all over the country; and one of tne top problems 
that we had was drivability, and a part of this stems from the ad- 
justments on the carburetors and the timing of the automobile that 
are limited at this time because of emission problems that we have. 

Now, we, some 23,000 automobile dealers across the country, who 
serve as a buffer between the public and you and the public and the 
manufacturer. As an automobile dealer perhaps in relating to some 
of these concerns I would like to call them to your attention. 

There were some statements made here earlier that I really do not 
know to be false but I am real concerned about their creditability. I 
have reason to question or doubt some of the things that were so stated 
here. For example, Mr. Cole I know travels in circles in which I do 
not travel; but I also would have certain reason to disbelieve some of 
the information that he gave you relating to the oil company servicing 
problems, for I own several service stations. One of them is closed now 
because I cannot get gasoline for it; another has gasoline about two- 
thirds of the time. I have Texaco stations and we have a Standard 
station; and they could not accommodate lead-free gas without putting 
in new tanks, and bringing in new equipment—contrary to what was 
testified here a little earlier this afternoon. 

I have tremendous concern over what is going to happen—you men 
perhaps at this level of government think of us as out in the boon- 
docks, but we do not feel that way. I have real concern about how we 
arfe going to furnish gasoline for the automobiles we have. You are 
talking about compounding our problems right now if you go to the 
1975 level at this particular time. 

Now. what happens when you drive out in western Kansas. Okla- 
homa, South Dakota, or the smaller towns across the country? As I 
understand the law now, the requirement is that if a service station 
sells less than 200,000 gallons of gas a year, Congress is not going to 
impose upon them a need to change over the tank and the pumps and 
all this. Well, if this is the case, what happens to you when you travel 
and what happens to the people that live in the rural areas? I think that 
you must give them some consideration and relict responsibly to the 
traveler. 
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The cost of the catalysts—I tliink the manufacturer can pretty well 
document—and if it is economically justified from the standpoint of 
realistic health standards. I think the catalyst is justified. But I really 
do not think that anyone is prepared at this time to meet the multi- 
faceted problems for example at this particular time, as an automobile 
dealer, I know of absolutely no means why which I could test or deter- 
mine what ix)llutants. are emitted on any automobile that I service 
from the standpoint of the emission concerns that we are talking about 
right now. 

And I do not know, though perhaps they have test equipment in 
California, but in our part of the countrj' we have none. 

I am talking about a couple of the problems of some 23,000 automo- 
bile dealers in the countrj^. What about the literally tens of thousands 
of other people that are m the transportation business ? You see, one- 
seventh of all the people in the United States are involved in the 
transportation system. At tliis time increased emission standards could 
have a catastrophic impact upon the automobile dealer, the public, 
and the service station in trying to secure transportation, maintenance, 
and service the system. 

Now, as we go into what could be a downturn in the numbers of jobs, 
as the economy turns down, as it perhaps may, because in spite of what 
these gentlemen report about production, I am getting like one-third 
of the number of automobiles for December that I was afforded a year 
ago this time. 

Reports are that this is because the big car is not selling, but the 
truth is they cannot produce the small cars in the quantities necessary 
to take care of our country's needs, and they are plagued with material 
shortages. 

Maybe I am taking too much time, and I will apologize for it. The 
hour IS late, and I recognize that. 

Mr. ROGERS. And we do have additional witnesses, yet we do want 
to hear you. However, it would be helpful if you could conclude as 
soon as possible. 

Mr. THOMAS. I would like to suggest that you give serious considera- 
tion to the extension of the 1974 standards. And I do not sav this on 
behalf of Ford Motor Co., but on behalf of the consumer who I deal 
with and those of us that serve the consuming public in the auto- 
motive trade. 

I am sorely concerned about these new standards and the effect of 
implementation. And with this, gentlemen, I thank you very much for 
affording the opportunity for participating. 

Mr. ROGERS. Thank you for being here, Mr. Mayor. We appreciate 
your help to the committee. 

Dr. Carter. 
Mr. CARTER. Yes, sir. AMiat about the new interlock seatbelts? 
Mr. THOMAS. Dr. Carter, I hate to tell you this, and perhaps you do 

not want to know this, but I think a few years from now if it continues 
the way it is. Congress will probably get credit for changing the 
anatomy of the American woman, because the left mammary gland is 
going to have a real hard time surviving. 

T^t me go a little further. I think really that this has lowered the 
safety standards in spite of what has been intended, because so many 
people are disconnecting the unit, and now they no longer use the lap 



358 

belt because they have this—well, I do not want to say what kind of 
an unfortunate kind of harness Congress is to try to force them into. 

Mr. CARTER. What does the general public think about it? 
Mr. THOMAS. They just hate it. 
Mr. CARTER. Well, think about all the different things we have put 

on the car since 1971. 
Mr. THOMAS. Well, this just multiplies the problem. Dr. Carter, and 

this is the thing that so concerns me. The public giving you credit for 
the chaos, and really. I think this is terrioly concerning; I could re- 
late a District Judge who came to me and said Bill, get that thing off of 
my new car. I cannot drive the damn thing, and my wife won't. 

Mr. CARTER. To tell you the truth, I had to sell one because of the 
poordrivability. 

Mr. THOMAS. This judge's wife will not drive a 1974 LTD. in that 
she would not harness up, they have retained the old car that she 
can drive it. He requested I discoimect the seatbelt interlock and 
legally I cannot. 

Mr. ROGERS. That is right. 
Mr. Symington. 
Mr. SYMINGTON. NO questions. 
Mr. THOMAS. You play good football, Mr. Symington. 
Mr. ROGERS. Mr. Heinz. 
Mr. HEINZ. Mr. Chairman, thank you. And I will not ask if she 

went out and bought a GM product after she sold the LTD. I pass. 
Mr. ROGERS. Mr. Hudnut. 
Mr. HUDNUT. NO thank you, Mr. Chairman. 
Mr. ROGERS. Thank you, and we are most grateful for your being 

here. 
Mr. THOMAS. Thank you very much. 
Mr. ROGERS. Our next witness is Dr. John B. Heywood, a consultant 

to the National Academy of Sciences, director of the Sloan Automo- 
tive Laboratory, the Massachuetts Institute of Technology. Cam- 
bridge, Mass. We are sorry to have held you this late, and we apolo- 
gize. Your statement will be made a part of the record in full. And 
if you could give us the points very quickly, it would be helpful. 

STATEMENT OF JOHN B. HEYWOOD, ASSOCIATE PROFESSOR AND 
DIRECTOR, SLOAN AUTOMOTIVE LABORATORY, DEPARTMENT 
OF MECHANICAL ENGINEERING, MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 

Mr. HEYWOOD. My name is John B. Heywood. I am an associate pro- 
fessor and director of the Sloan Automotive Laboratory in the Depart- 
ment of Mechanical Engineering at MIT. I am a consultant to the 
National Academy of Sciences Committee on Motor Vehicles, and 
for the past 2 years have been chainnan of their Panel on Emission 
Control Systems for Spark-Ignition Engines. My research for the 
past 5 years has been on emissions and performance characteristics 
of different automotive engines. In addition, I am a member of an 
interdisciplinary group of faculty at Columbia Law School, Harvard, 
and MIT working on a National Science Foundation supported 
study on regulating the impact of the automobile on the environment. 

I want to discuss briefly, two questions. First, what emission stand- 
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ards are required over the next 5 years to continue the downward 
trend in average emissions from tlie in-use automobile population? 
Second, are there engines and emission control technologies which 
can meet these standards with improved fuel economy relative to 
current new vehicles ? 

The rate at which average emissions from the in-use automobile 
population decreases depenos on both the new car emission standards 
and the dynamics of tne vehicle population. This latter factor is 
often ignored. It is most important because it is the difference in 
emissions of the old dirty car scrapped from the car population 
and the emission of the new car which replaces it which determines 
the change in aggregates emissions. 

In appendix I attached to my statement, I present results of calcu- 
lations which show the effect of different new-car emission standards 
on aggregate emissions 1970-90. For hydrocarbons and carbon mon- 
oxide, continuation of the 1975 interim standards for up to 5 years fol- 
lowed by the original 1975 standards in the 1980 model year, gives 
almost as rapid a reduction in emissions as does the currently legis- 
lated schedule. 

For example, a comparison of CO emissions from a typical urban 
automobile population in 1980 shows that, under the original schedule, 
the emission rate would be 76 percent below the maximum 1967 rate. 
With a 5-year extension of the 1975 interim standards, the emission 
rate woula be 64 percent below the maximum 1967 rate. For shorter 
extensions, and stricter interim standards, of course, the differences in 
the reduction achieved would Ije less. For hydrocarbons the difference 
between these schedules is smaller. 

In summary, provided the interim HC and CO standards are 
below the current 1974 standard, and provided the extension is less 
than 5 years, the slippage from the results intended by the 1970 Clear 
Air Amendments is small. The notion that a few years' delay in im- 
plementing the original 1975 standards results in significant deterio- 
ration in air quality is not valid, ilucli more important at this stage 
is the need to lay out a 5-year schedule of emission standards so the 
current uncertainty can be removed, and a more rational develop- 
ment of the appropriate technology can take place. 

In the meantime, we need to carrj- out an extensive investigation 
of how effective the current automobile emission control program has 
been and whether it has had the intended effect on air quality. The 
evaluations to date are not adequate. We also need much more ex- 
tensive analysis to determine what automobile emission standards 
should be in the early 1980's. The analj-tic basis for the original 
1975-76 standards is not sufficient for this purpose. 

As an example of our lack of understanding, evaporative automo- 
bile HC emissions were thought to be almost completely controlled. As 
described in appendix II recent surveillance data suggest evaporative 
HC emissions from 1971 and subsequent model vehicles in use are. not 
adeauately controlled and are comparable to exhaust emission levels. 

Tne status of NO, control is different. The current standard of 3 
grams/mile is a .30-percent re,duction from average 1973 levels. Thus 
the degree of control achieved for NO, to date is significantly less than 
has been achieved for hydrocarbons and CO. The most extensive study 
of the NOx emissions reduction required to meet the NO, air quality 
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standards' by a National Academy of Sciences panel indicates an 
NO, emission standard of about l.o grrams per mile is required. Aprain. 
the dynamics of the vehicle turnover are such that thes*' levels do not 
need to be imposed immediately, but can be phased in over sev^eral 
j'ears. 

The second issue I want to raise is that while in the past emission 
reductions have been accompanied by detorioratine fuel economy, 
there are emission control systems now l)einp developed for spark- 
iprnition enjjines which will achieve lower emissions with better fuel 
economy than current new vehicle values. 

I have recently completed a study on "Tlie Relationship Between 
Fuel Economy and Emission Control for Automotive I.C. En^nes" 
for the Department of Transportation, which I attach as appendix 
III. I made approximate estimates for several different control sys- 
tems of emission levels achievable in actual use, and the vehicle fuel 
economy. And the general conclusions are as follows: 

For each engine-emission control system combination, as emission 
levels go down, so fuel exonomy deteriorates. While the NO, emission 
level is the most important factor, the hydrocarbon emission level is 
also an important consideration. But some of these engine-control 
system combinations can achieve better fuel economy than others, at 
the same emission levels. Alternatively, some achieve lower emission 
levels than others at the same fuel economy. 

In my judgment there are three promising directions for fiitiire 
developments, each on a different time scale. By significantly improv- 
ing the fuel-air mixture preparation in the current conventional en- 
gine and by using high-energy long-duration-spark ignition systems, 
reductions in emission levels below current new vehic'e levels and im- 
provements in fuel economy and drivability can be obtained. Ex- 
perimental systems of this type are now being developed. These should 
meet emission levels of 1.5 grams per mile hydrocarbons, 15 grams 
per mile CO, and 2 grams per mile NO,. These systems could be de- 
veloped within 3 years. 

On a longei- time scale, 3 to 6 years, engine concepts like the Honda 
dual-carburetor divide<l-chamber engine offer lower hydixjcarbon and 
CO emissions without any further deterioration in fuel economy. The 
emission-control potential appears to be about t grams per mile hydro- 
carbons, 5 grams per mile CO, and 1.5 to 2 grams per mile NO, at 
fuel economy levels comparable to or better than current new vehicles. 

Finally, there are a numl)er of fuel-injected stratified-charge en- 
gine concepts on a 6- to 10-year time scale. These spark-ignition en- 
gines are closest to a diesel. They offer a significant improvement in 
fuel economy, about 25 percent compared to current new vehicles. 
They have the potential for NO, emi.ssion levels below 1 gram per 
mile. 

Tlie potential is clearly there for improvemvpt? in both emissions 
and fuel economy compared with 1974 levels. 

Thank you. 
[Testimony resumes on p. 379.] 
[Appendix I, II, and III, referred to, follow:] 

• "A rrltlquc of the IflT-VTfi TWITHI Anfomoblle Emission StHndarda for Hydrocnrboni 
and Oxides of Nitrogen," Panel on Emission Standards and Panel on Atmospheric Cfaemta- 
try. Committee on Motor Vehicle EmUiilons. National Academy of Sciences. 
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APPB^'DIX I: CALCULATIONS OF AOOBE»ATE AirroMonvE EMISSIONS 

The In-use automible population Is a mix of different age vehicles. The aggre- 
gate emissions from the total population depends on the emission levels of each 
model year, the vehicle age distribution and the number of miles per year driven 
by vehicles of different ages. 

The following two graphs present re.sult obtained by calculations which take 
account of all these factors, and of growth in the vehicle population. Different 
emLssloD standards are assumed for 197') and subsequent model year vehicles 
and aggregate emissions are projected Into the future. 

Figure 1 shows urban automotive hydrocarbon emission rates for 1960-1990. 
Four cases are shown: (1) continuation of 1974 eniLssion standard.s, (2) con- 
tinuation of 1975 interim standard (l.."> g/nille). (3j current schedule (1.5 
g/mile In 1975 and 0.41 g/mile In 1976 and subsequent model years), (4) 1975 
interim standard for five years followed by 0.41 g/mile In 1980 and subse- 
quent model years. 

figure 2 shows urban automotive carbon monoxide emission rates for 1960- 
1990. Again four cases are shown: (1) continuation of 1974 emission standards, 
(2) continuation of 1975 Interim standard (15 g/mile), (3) current schedule 
(15 g/mile in 1975 and 3.4 g/mile in 1976 and subsequent model years), (4) 
1975 Interim standard for five years followed by 3.4 g/mile In 1980 and subse- 
quent model years. 

The reason aggregate emissions are not especially sensitive to new car emis- 
sion standards is explained by the following example. In 1976, the average 
vehicle emission rate for CO will be about 30 grams/mile. The dirtier older cars 
which are scrapi)ed from the vehicle population have emissions of about 80 
grams/mile. It Is the difference in emis-sdons between the dirty older car, and the 
clean new car which replaces it which is the important number. Since both 15 
ind 3.4 g/mile are much less than 80 g/mlle, these two alterantive emission 
standards for the 1976-1979 period give almost the same emissions reduction 
rate. 

Of course, In the late 1970's and early 1980's, the older cars In the car popula- 
tion will have become deauer. New car emission levels may then need to be 
further reduced. 
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APPENDIX II: A PRELIMINARY ASSESSMENT OF AUTOMOTIVE EVAPOBATTVE 
HYDROCARBON EMISSIONS 

(John B. Hey wood, Etepartment of Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass.—October 29,1073) 

SUMMARY 

Recent surveillance data show that automobile evaporative hydrocarbon 
emission.s from vehicles with evaporative emission controls may be much higher 
than has been previously assumed. This preliminary as.sessment shows that 
1972-74 model year vehicles may have comparable evaporative and exhaust HC 
emission levels, when expressed in grams per vehicle mile. Since the 1976 HC 
standard is for exhaust HC alone, it follows that the anticipated reduction la 
total HO emissions may well not be realized in practice. 

Automobile fuel evaporative losses have been known for some time to be an 
Important source of hydrocarbon emissions in addition to exhaust hydrocarbon 
emissions. There are two distinct sources of evaporative emissions from vehicles, 
the fuel tank and the carburetor system. The fuel tank warms up every day as 
ambient temi>eratures increa.se from an early morning low to a mid-afternoon 
high. As a result of expansion of the air-fuel vapor mixture In a partially filled 
fuel tank, gasoline vapor is expelled from the tank into the atmcsphere. These 
evaporative losses are termed "diurnal breathing los.ses." As the vehicle Is 
driven along the road, the fuel in the tank is heated, and a similar cxpul.slon of 
gasoline vapor occurs. These are termed "running losses." Finally, after the 
engine is shut down at the end of a trip, there are several openings for fuel vapor 
leaks from the carburetor system (for example, through vents in the carburetor, 
and clearances around the throttle and choke shafts). Ileat from the engine 
block evaporates the liquid fuel in the carburetor float bowl and forces it out 
Into the atmosphere. These are termed "hot soak losses." 

A test procedure to measure these losses has been develoi>ed. The vehicle is 
stood at ambient conditions for 12 hours to ensure the en^ne has completely 
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cooled down. Cooled fuel is placed in the tank. The fuel is then heated and the 
diurnal evaporative emissions are collected as the fuel temperature increases 
from 60°F to 84°F In one hour. The vehicle is then driven through the Federal 
CVS Emissions Test Driving Cycle (a 7.5 mile drive) and the engine is shut 
off. "Running" and "hot soak" evaporative losses are measured during the drive 
and the one hour period following engine shut down. The test thus measures 
the grams of HC evaporated per day from the fuel tank (diurnal losses), and 
the grams of evaporative HC lost from the tank during an average urban trip, 
and from the carburetor during the subsequent engine shut down period follow- 
ing an average trip (running and hot soak losses). An appropriate formula for 
estimating evaportive H(' emissions in grams i>er vehicle mile is thus: 

(evaporative HC emissions in grams per mile) = 
(diurnal loss In grams per test)/(miles per day) 
+ (running and hot soak losses In grams per test)/(miles per trip) 

Suitable average values for miles per day and miles per trip are 27 and 7.6 
respectively. 

Two different procedures for collecting and measuring evaporative HC emis- 
sions have been developed. In the procedure used by the Federal Government for 
certification of evaporative emission control systems,' carbon canisters to trap 
the gasoline vapor emissions are connected to the fuel tank vents and to the 
carburetor external vent. At the end of the test the weight of fuel vapor absorbed 
in these charcoal traps is measured. The second procedure, the SHED (Sealed 
Housing for Exaporative Determinations) technique,^ is more comprehensive. 
The vehicle is enclosed in a sealed enclosure throughout the test and the HC 
concentration in the sealed enclosure at the end of the test is used to determine 
the mass of HC evaporative emissions. Federal certification measurements of 
evaporative emissions using the canister technique are generally considerably 
lower than emissions as measured by the SHED techinque. The reason is pre- 
sumed to be that the SHED technique measures losses from the entire fuel 
system including gasket and throttl^. shaft leakages. The«e leakages are not all 
trapped by the canister technique. 

Evaporative HC emissions from pre-1971 model year vehicles (I.e. those with- 
out evaporative emissions controls) have been assumed to be 3 grams/mile. This 
number was derived by the National Air Pollution Control Administration In 
the Department of Health, Education and Welfare' from a General Motors 
study.* The GM study u.sed the SHED technique to determine average evapora- 
tive HC losses from 55 vehicles to be about 37 grams per evaporative emission 
test (grams/test), which was estimated to correspond to 78 grams per day. 
This estimate Is substantiated by the results of a recent EPA surveillance study* 
which measured evaporative HC emissions from 95 pre-evaporative emission 
control vehicles In Los Angeles using the SHED technique. Average evaporative 
emissions were 26 grams/test diurnal losses, and 15 grams/test running and 
hot soak losses. Using the equation filready presented for conversion of these 
gram/test values to grams jier vehicle mile, yields 2.9 grams/mile Is in close 
agreement with the earlier XAPCA 3 grams/mile estimate. An evaporative 
emissions standard of 6 grams/test was introduced in model year 1971. The 
evaporative emission control systems introduced by the auto manufacturers met 
this standard easily, when tested with the Federal Certification Test Procedure 
(the charcoal canister technique). As a result, the standard was lowered to 
2 grnm.s/*:est the following year which was again met during certification. It was 
therefore a.ssumed that, in 1971 and subsequent model year vehicles, evaporative 
HC emissions In actual use were essentially completely controlled. 

The evaporative HC emissions results ol)tained in the recent EPA surveillance 
study' with vehicles with evaporative controls suggest that this conclusion is 
not warranted. In this study, 31 1970 and 1971 model year vehicles were tested 
In Los Angeles and 20 1971 model year vehicles in Denver using the SHED tech- 
nique. The results, and the conversion to evaporative HC In grams/mile are given 

' "Control of Air Pollution from New Motor Vehicles and New Motor Vehicle Engine*," 
Federal ReelHter, Vol. 31. No. 221. Part II. November 15. 1972. 

"8AE Procedure J171, "Sealed Housing for Evaporative Determlnatlonn (SHED) 
Techrilque." 

" Kramer. R. L.. and Cernansky. N. P., "Motor Vehicle Emission Rates," U.S. Dept. HEW. 
National Air Pollution Control Administration, Office of Criteria and Standards Report, 
Aupiist 15. 15170. 

• Nelson. E. E. "Hydrocarbon Control for Los Anpeles bv Reduclne Gasoline Volatility," 
SAE paper fiOOORT. In Vehicle Emissions. Part III. pp. 775-ROl. SAE. 1971. 

• "Automobile Exhaust Emission Surveillance, a Summary." EPA Report APTD-1S44, 
prepared by Calspan Corp. under Contract No. 68-01-04.'i5, May 1973. 

«-27a O • 7< - 24 
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In Table 1. These data indicate that In Los Angeles evaporative HC emissions 
have only been reduced l>y about 30 percent liy evaporative emlsssions controls- 
In Denver evaporative HC emissions are sulistantially higher (by a factor of 
three), presumably due to the lower atmospheric pressure and the different 
gasoline composition used in the Rocky Mountains. Note that evaporative HC 
losses of 2.1 grams/mile and 6.4 grams/mile correspond to about a 1 and 3 
percent fuel economy loss, respectively, at 13 miU's per U.S. gallon. 

While these data are limited (they were obtained with tests on 51 cars In 
two locations), they nonetheless raise a very important issue. These results 
suggest that vehicles which are supposed to have 95 percent effective evaporative 
emission controls, have comparable exhaust and evajwrative HC emissions In 
actual use when both are expressed in graras/mile. Table 2 gives exhaust HC 
emission estimates for typical 1972-74 model year vehicles. Two evaporative 
emissions levels are .shown: (i) the standard assumption the evaporative emis- 
sion controls are 95 i)ercent effective; and (ii) values estimated from the recent 
EI'A surveillance stud.v. Exhaust and evaporative HC emissions are added to 
give total HC emissions. Thus probable actual total HC emissions (5.1 g/mile) 
in these 1972-74 vehicles represent a 57 percent reduction from pre-1968 model 
year vehicle emissions (i.e. vehicles with no exhaust or evaporative emission 
controls, with exhaust HC at S.7 g/mile and evaporative HC at 3 g/mile). 
Previous estimates had indicated that total HC emissions (assumed to he 3.2 
g/mile) represented a 73 percent reduction. In Denver, the situation apparently 
is significantly worse since evaporative emissions in 1971 model year vehicles 
are three times as large as emissions measured at low altitude in Los Angeles 
with similar vehicles. 

Of more significance, however, is the error in estimating the impact of the 
1976 exhaust HC emission standard of 0.41 g/mile. Table 2 also shows estimates 
of 1976 model year vehicle total HC emissions based on the assumptions that the 
exhaust HC emission standard is met, but evaporative HC emissions remain at 
what appear to be current levels. Only a 51 percent reduction from 1972-74 
model year total HC emissions would be achieved, as compared with the previous 
estimate which was an 81 percent reduction. Again the situation in Denver 
api>ears to be worse. Becau.se only one of two apiiarently comparable HC emis- 
sions sources in current new vehicles will l>e required to satisfy strict emission 
standards in 1976, the net reduction in new car total HC emission levels will l)e 
much less than was originally intended. 

Two immediate needs are olivious at this stage. First an accurate test procedure 
for measuring evajwrative emissions must be develoiied which corresi>onds 
closely to "real life." It may well be that a careful evaluation will show that the 
SHED techniq\ie is adequate for this puriiose. Second, an extensive study must 
t>e made to determine just what evaporative HC emissions from 1971, 1972, 1973 
and 1974 model year vehicles are in actual use, in different parts of the country, 
under different ambient conditions. 

TABLE 1.-MEASURED EVAPORATIVE HC EMISSIONS FROM VEHICLES WITH EVAPORATIVE CONTROLS 

Number of 
vehicles 

Evap.HC (gram/test)' 

Model year Diurnal 
Run-H 

hot soak 
Evap. HC > 

(gtam/inile) 

1970-71. Los Angeles  
1971, Denver  

..........                 31 16.3 
47.2 

10.9 
34. B 

2.1 
6.4 

' Data from ref. (5). 
>(Evap. HC g/mlle)-(diurnal j/t«Jt,'27-Krun. +hot soak g/lesl)/7.5. 



TABLE 2.—1972-74 AND 1976 MODEL YEAR VEHICLE TOTAL HC EMISSIONS 

lln grams per vehicle mile| 

Model year 
Exhaust HC 
emissions > 

Previously 
assumed 
evap. HC 

emissions' 

Probable 
actual 

evap. HC 
emissions > 

Previously 
assumed 
total HC 

emissions • 

Probable 
actual 

total HC 
emissions > 

HttionmUt (low altitude): 
(0 1972-74             .   .     . 3 0.2 

.2 

.2 

.2 

2.1 
2.1 

6.4 
6.4 

3.2 
.61 

5.2 
.61 

S.1 
(ii) 1976  ».41 2.5 

Denver (high aWtude): 
(i) 1972-74                  i 11.4 
(ii) 1976  •.41 6.« 

< 197S Federal test procedure CVS-CH. 
> Value estimated from assumption that evaporative HC standards are met in actual use. 
•Field surveillance data (ref. b), 
• Eihaust HC-t-evaporative HC: toth emissions expressed In grams per vehicle mile. 
• Assumes 1976 exhaust HC emissions standard met in actualuse. 

APPENDIX III: THE RELATIONSHIP BETWEEN FUEL ECONOMY AND EMISSION 
Co.NTRoi,  FOB AUTOMOTIVE I.C. E.NOINES 

By John B. Heywod, Department of .Mechanical Engineeinng, Massachusetts In- 
stitute of Technolog}-, Cambridge, Ma.ss.; Submitted to the De|>artment of 
Transportation, Transportation Systems Center, Cambridge, Mass., Purchase 
Order TS-605D—August 2, 1973 

SUMMARY 

The factors which affect automobile fuel economy are reviewed, and the 
validity of the EI'A CVS Eiui.s,sions Driving Cycle as u fuel economy test Is 
a.ssessed. It is shown that tlie EPA Driving Cycle represents uiljan driving, 
but not urban-suburban or niral driving which are equally Important in terms of 
gasoline eonsunii)tion. The emission control potential and fuel economy of con- 
ventional spark ignitirm engines with cataly.sts and reactors, Wanlcel engines, 
stratifieil charge engines and diescl engines are then evaluate<l. Stratified 
eliarge engines are shown to offer the best emi.s.sion control potential in actual 
use with a fuel economy gain relative to 197.3 vehicles. The fuel economy penalty 
associated with the Federal Enii.ssion Standards for 1!)(>8-1973 m<>del year 
vehicles is evaluated and shown to l)e about 13-18 percent for intennedinte 
and standard size cars in urban and suburban driving. The fuel economy jjenalty 
for compact cars, however, is small. 
/. Background 

This rei)ort describes the fuel economy and emission control potential of 
different promising internal combustion engine concepts for automobiles. The con- 
cept examined are conventional carbureted spark-ignition engines with advanced 
emi.ssion controls and catalytic or tliermal exhaust reactors. Wankel rotary 
combustion engines. stratitie<i charge engines, of the Honda CVCC. Ford PROCO 
and Texaco TCCS type, and dle.'^el engines. This report is based on data from the 
National Academy i>f Sciences Committee on Motor Vehicle Emissions study, 
from the Environmental Protection Agency and fr<mi the literature. It mtist be 
stressed. hf>wever. that the data on fuel economy and durability of advanced 
emis.sion control systems from these sources is limite<I in extent. 

The Intent of this report Is to assist the Deiwrtment of Transportation in esti- 
mating the effects of changing internal combustion engine technology and emls.sion 
regulations on automoliile fnel economy. Tliere is evidence that fuel economy 
has deteriorated as emission controls have been Introduced In 1968-1973 model 
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year vehicles. There Is mounting pressure to improve the average fuel economy 
of the vehicle population. The li)76 NOx emission standard may be adjusted in 
the light of revi.sed air quality data. Tliere is a strong interaction between the 
XOx emission control required in an automobile and Its fuel economy. 

This report identifies engine and ('mission control concepts which promls* 
low pollutant emissions over the vehicle lifetime with minimum performance 
penalties. The report contains the following section.'*. First the different methods 
frequently used to measure fuel economy are reviewed and their relevance to 
average driving patterns examined. Next, the methodology used to estimate the 
emission control achievable in actual use by differeut engine concepts is 
described. The performance of each of these .systems is then examined in detail 
and the available fuel economy data tabulated and summarized. Data are al.so 
presented which show the effect of changes in the NOx emission control level 
on fuel economy for S4)me of these engine concepts. Finally, the effect of emission 
controls on the fuel economy of conventional engrined 1968-1973 model year 
automobiles is examined. 

2. Effcctn of Drivitiff Pattern on Fuel Economy 
Normal automobile driving is a sequence of many different modes: idle, 

acceleration, cruise, deceleration, etc. It is well Itnown that both fuel economy 
and emls,slons vary with engine .s|>eed and load, and driving cycles have l)een 
developed to measure appropriately weighted average ^-alues of these parameters^ 
Figure 1 shows how the road load cruise fuel economy of a 2,100 lb. sub-compact, 
a 3..500 lb. intennediate and a .'i.200 lb. luxury sedan varies with speed. (1) 
Maximum fuel economy is ol)tained at al)out 40 mph. Figure 2 compares the 40 
to 70 mph steady cnii.«e fuel economy of these three vehicles with fuel economy 
measured over an urban driving cycle u.sed by Chrysler. (1) The best fuel 
economy for each vehicle (40 mph cruise) is more than twice the worse (urban 
driving cycle with a cold engine). 

Many different driving cycles are u.sed to measure fuel economy. EPA has 
developed an urban driving cycle for emissions testing. (2) The cycle is based 
on vehicle .siH-ed traces over a Los Angeles traffic route known as I,A-4. Tlie route 
was developed by Ciilifomia agencies to simulate weekday morning peak driving 
conditions in a 12-mile diameter circle centered on the downtown area. Part 
of the LA-4 cycle was adopted as the driving c.vcle for the EPA CVS emissions 
test. The test is outlined in Appendix A. This EPA cycle consists of a 7..'> mile. 
23 minute, nonrepetitlve driving sequence. There are two versions of the emissions 
test. One, used for 1072-1074 model year vehicles, consists of a single cycle witli 
a cold engine start-up (CVS-C). The other (CVS-CH) version of the test, used 
for post-1074 model year vehicles, has a cold start cycle followed by a 10 minute 
engine shutdown followed by a hot engine start and a repeat of the first noa 
seconds of the 7..'5 miles driving pattern. The cold start and hot start portions of 
the test are then weighted by 0.4,3 and O.'iT respectively. The emis-slons and fuel 
economy measured by these two tests are different. The CVS-C fuel economy 
(mpg.) is 2-.5 percent worse than the CVS-OH fuel economy due to the higher 
weighting given the cold engine. 

Is this driving c.vcle an adequnte repre.sentation of urt)an driving? CAPE-10, 
(3) an APRAC project, conducted driving-habit studies in five major cities 
including lyos Angeles. Driving pattern data from the LA—4 route, EPA CVS 
eml.s.slons c.vcle. the CAPE-10 Los Angeles and five city composite cycles are 
summarized in Table 1. A comparison of lines 1 and 3 shows that urban driving 
in I/is Angeles (LA^ c.vcle) has a signlflcantl.v lower average speed, higher 
percent of time at idle and lower percent cruise time than averaee driving for 
the entire Los Angeles metrojiolitan area (CAPE-10 I,A c.vcle). The EPA CVS 
cycle thus represents avernee urlian type driving. It Is le.ss representative of 
driving in an entire nietroi)olitan area (urtmn t>lns suburl)an). 

There are other limitations of the CVS cycle as a fuel economy measurement. 
The driving is done on a dynamometer, not on the road. Whi'e the Inertia of 
the vehicle is .simulated during the cycle with appropriate Inertia weights, the 
dynamometer power nb.soriitlon unit Is adjusted to reproduce road power at !>0 
mph cruise .speed. (4) The tire pre.ssure Is usually increased to prevent tire 
damage. Thus aerodynamic drag and tire friction are not properly accounted 
for In the CVS fuel economv measurement. It has been .sugeested that differences 
between drivers over the CVS tost produce differences In fuel economv. and that 
the use of a cnrlKin dioxide measurement Is less accurate than a measurement of 
weight of fnel con.sumed. Hmvever. these difBcultles have not yet lieen adequately 
quantified. 
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The automobile manufacturers generally use urt>an-8ubni:t>an driving cycles 
which have liiglier average sjieeds than the EI'A-CVS cycle, and fewer stops. 
Thus standard size vehicles in 1JK55-67 model year (pre-emisslon control) with 
Sao ClU engines liad ftiel economy as measured hy manufacturers tests in the 
15-17 mpg range, which is higher than the 12.5-14.5 average mpg measurements 
made l)y EI'A (5) for 19«}5-67 3500-4000 lb. Inerita weight vehicle range on the 
CVS cycle. 

Total U.S. automobile gasoline consumption depends on nationwide mileage 
accumulation. Nationwide mileage accumulation is the sum of mileage accumula- 
tion on many different tyjies of roads with different traffic patterns, e.g., urban, 
suburban, rural and interstate. Average speeds and tyi)es of driving in these 
categories are different, with average speed increasing, and number of steps 
l>er mile decreasing in the order listed. The effect of increased s|)eed and fewer 
.stoi>s is illustrated by the data in Table 2. Two intermediate size cars were 
driven over two different tyiies of routes. Though fuel economy in miles per gallon 
for both cars increases with average speed, the percentage increases are different 
(."jO percent for the Plymouth. 30 i)ercent for the Pontiac). Note also that the 
higher speed route, with ten stops in 27.7 miles, has fuel economy values con- 
siderably lielow cniise fuel economy at the average speed which would be about 
23 mpg (see Figure 1) for these vehicles. 

Fuel economy for different common tyi)es of driving will be affected differently 
by engine and transml8.sion technology developments, by changes in body shape 
and vehicle weight, and by changes in tire design. Other factors of Importance 
•re the effect of ambient conditions, and the weighting given the cold engine 
portion of the driving cycle. There is a need, therefore, to understand how 
gasoline is consumed among these different common driring modes so that more 
•cciirate as.sessnients of the effects of changing technology on total gasoline 
consumption can be made. While driving patterns in nietro|x>Iltan areas are now 
adequately categorized, (3) it appears that rural and Interstate driving patterns 
have not lieen quantified to the same extent. 
3. Factors Controlling Emisninns from Vchiclm in Actual Use 

The emission control systems de8cril)ed in the next section are not yet in mass 
production. The data available to evaluate their effectiveness come from experi- 
mental prototype vehicles. These are usually tested under conditions close to 
those used in the EPA 50.000 mile certification process. (4) Both the accelerated 
rate of mileage accumulation (50.000 miles In about 3 months) and the vehicle 
driving pattern in the EPA certification process make this testing less arduous 
than normal customer usage. The thermal cycling between normal engine shut- 
downs, sustained engine oijeration at high power levels, and normal abuse and 
neglect are all absent. Whether these differences lietween accelerated durability 
testing and actual use depends on the nature of the emission controls, and the 
Importance of regular maintenance. 

For the 1968-1973 model year vehicles, the certification process appears to 
have adequately evaluated the durability of emis.sion controls. Emissions over 
60.000 miles during certification have increa.sed by between 0 and 40 i)ercent. 
(6) (7) Ehnls.sions in actual use have on average increased by between 20 to 30 
percent over the same mileage. 

Current evidence shows, however, that with advanced emission control sys- 
tems for 1975 and 1976 this will no longer be the case. (6) (7) The deterioration 
in actual use, especlall.v of sy.stems using catalysts, is expected to be more rapid. 
In some of the systems described in the next section, engine operating conditions 
must be very precisely controlled for emissions to approach 1976 levels. Slight 
changes in adjtistments or operating conditions can significantly Increase emis- 
sions. With systems using catalysts, the catalyst activity is expected to deterior- 
ate more rapidly In actual use due to thermal cycling .several times a day. a more 
demanding duty cycle—longer operating iierlod at high temperature, and poorer 
control of catalyst jioisons in the fuel. 

In addition, average emissions from production vehicles are expected to l)e 
slightly higher than emissions from experimental prototypes. The reasons are 
that minor design changes are u.sually made to reduce wsts and improve mass 
prodncibillty, and that dimensional and operational tolerances are greater in 
the production vehicles. Most manufacturers estimate the Increase in eml.ssions 
for production vehicles to be alwut 10 percent. 

The following methodology has therefore been used to estimate average emis- 
sion levels from these different engines and emission control systems in actual 
use at .50,000 miles   (about  half way  through  the vehicle  total  accumulated 
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mileage). The methodoloRy is based on the EJI'A certification procedure for eval- 
uating whether production prototypes comply with the applical)le emission 
standards. (4) 

Average emissions at 50,000 miles (grams per mile) : 
= Emissions at low mileage (grams i)er mile) 
X 4,000 to 50,000 mile deterioration factor. 
X prototyi)e to production slippage factor. 

The 4,000 to 50.000 mile deterioration factor is emissions at 50.000 miles/emis- 
sions at 4,000 miles (a number obtained from graphs of emission levels as a 
function of mileage). This number is evaluated from emissions data from 
vehicles with prototype engines which have accumulated mileage at an ac- 
celerated rate. It has been increased to allow for the anticipated more rapid 
deterioration in actual use. 

Il}stlmates of emis-sions in actual use are used in this report to evaluate the 
emis.sion control potential of the different systems, because data from the ac- 
celerated durability testing to date i>resent8 an overly optimistic picture of the 
performance of systems incorporating catalysts. 

It is assumed that the vehicle owner attempts to carry out the manufacturer's 
specified service and maintenance requirements. Under these conditions current 
engine emissions deteriorate in actual use by a factor of 1.2 to 1.3 over 50,000 
miles. Certification deterioration factors from current production engines range 
from 1.0 to about 1.4. (7) The emi.'ssion.s in grams per mile relate to the 1075 
CVS-CH EPA test procedure. The production slippage factor is always taken 
at 1.1. 

A standard size care is taken to be a 4,500 lb. inertia weight vehicle with a 
350 CID engine with an automatic transmission. A compact car is taken to be a 
Vega or Pinto size 2,750 lb. inertia weight vehicle with a 140 CID engin*' and 
an automatic transmission. VW, Honda, Toyota, Datsnn and Mazda cars are 
slightly .smaller than U.S. compacts. 

It is stres.sed that these are estimates of emis,sion control achievable in 
actual use, and not during the certification process. These estimates are an ap- 
proximate indication of the real potential of each system. The emi.'ssion levels 
achievable at low mileage, and the sub.«e<iuent deterioration over iW.OCO miles 
are engineering Judgment made by the author from a limited data base. 

The fuel economy figures given are actual data from the 1075 CVS-CH emis- 
sions test except where noted. The.se data have come from experimental proto- 
types and not production vehicles. They have not been adjusted. Where man.v 
manufacturers have .similar prototypes (e.g.. 1975 and 1076 systems with cata- 
ly.sts) the fuel economy for the 1075 CVS-CH emissions test has been estimated 
using average percentage reductions in fuel economy supplied by manufacturers, 
relaiive to 197,3 model year vehicles, and average fuel economy data from Table 
1 in the EPA Emissions-Fuel F/Oonomy Study. (5) 

These fuel econom.v values represent performance to be exi)ected in urban 
driving. In other types of driving fuel economy gains and losses may be dlBTerent. 
For example. Chry.sler estimates the loss in fuel economy diie to emission controls 
between 1968-1973 model year vehicles to be 15% for urban driving but only 3% 
for 70 mph steady cruise. (1) 
4.    Fuel Economji Data and Potential Emission Control for Different Internal 

Comhtistion Engine Concepts 
4.1 Contientional Engines with Engine Modifications, Catalysts and Thermal 

Reactors 
Most production vehicles in 1975-1978 model years will use conventional en- 

gine.*. The lead times for developing acceptable alternatives and for production 
line conversion are too long for large scale Introduction of new concepts to be 
practicable on a shorter time scale. Most manufacturers' efforts to develop sys- 
tems to meet the 1975/76 standards have therefore concentrated on exhaust treat- 
ment devices to clean up the hydrocarl)on (HC). carbon monoxide (CO) and 
oxides of nitrogen (NO,) emissions from conventional spark-ignition enginee. 
The engine emissions are usually controlled to a minimum consistent with ac- 
cei>table fuel economy and performance iienaltlps through improved carburetlon 
(altitude compensation, quick acting choke, better metering accuracy), a quick 
heat manifold to promote more rapid fuel vaporization, an electronic Ignition 
system, exhaust gas recycle for NO, control, and modified spark timing. (6) (7)" 
Catalysts (oxidation catalyst for HC and CO removal; reduction catalyst for 
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XO,). and/or thermal reactors (for HC/CO removal) with the addition of sec- 
ondary air into the exhaust ports, manifold or pipe are then used for the final 
emissions clean up. The most developed systems are the following: 

(a) 7975 Prototype i<p»tem if if ft HC/CO Catalyst.—Most manufacturers have 
been developing this system in their efforts to meet the 1975 HC and CO stand- 
ards. The system tyiiically consists of the engine modifications listed above with 
a palladium and/or platinum catalyst for HC and CO emission control in the 
eihaiist. Emissions data are summarized in ref.s. (6) and (7). Table 3 shows es- 
timated emission control achievable in actual use in a standard size car. It has 
been assumed that catalyst deterioration in actual use will be between 1.5 and 
2 times the deterioration typical of accelerated mileage accumulation tests to 
date. 

Fuel economy estimates by major manufacturers range from no change relaMve 
to 1973 vehicles(8) to about a 4 percent penalty.(9) These estimates are listed 
in Table 4. This system aims at NO. emission levels of about 3 g/mlle, the 1975 
XO, standard. 

(6) J975 Prototype System with HC/CO Catalyst and Increased EOR for 
Lotrcr XO,.—XO. emission can be reduced below the 1975 standard Of 3.1 g/mile 
by increasing the percentage of exhaust gas recycle (EGR). An enrichment of the 
fuel-air mixture is required to partially offset the decreased flame speed which 
results from increased EGR. This enrichment minimizes the loss In drlveabillty. 
The fuel economy deteriorates due to both the richer carburetor setting, and the 
decreased flame speed. A practical lower limit due to deteriorating vehicle drive- 
ability is reached at XO, levels of about 1.5 g/mile with current production 
engines with engine modifications listed previously. Tables 3 and 4 give emission 
estimates and fuel economy (9) for this system. 

Increasing EGR further does reduce NO, emis.sions, but both fuel economy 
and drlveabillty deteriorate- The effect on fuel economy of increasing HXJR and 
mixture richness (both of these changes reduce NO, emissions) can be estimated 
from Figure 3(10) which summarizes data from a number of sources. 

(c) 1976 Prototype System irith NO. Catalyst and HC/CO Catalyst.—^The 
conventional spark-ignition engine requires a NO, reduction catalyst to approach 
the 1J>76 NO, standard of 0.4 g/mlle. The total system most manufacturers have 
been developing consists of engine modifications as listed above, a NO, catalyst 
(nsually a noble metal) close to the exhaust manifold and a HC/CO catalyst 
further down the exhaust pipe. The carburetion is calibrated richer than in the 
1975 system since the N'O, catalyst must operate in a net reducing atmosphere. 
During engine warm-up, the XO, catalyst is used to control HC and CO emissions, 
and air is added to the exhan.st ga.ses in the exhaust ports. Once the engine and 
catalyst beds are warmed up, the secondary air is switched to downstream of the 
NO, catal.vst which then a.ssumes its design role of X0« reduction, and the second 
catalyst bed oxidizes HC and CO. 

The durability of XO, catalysts is currently inadequate. In addition, the com- 
plexity of this system and the need for precise control of air-fuel ratio malte the 
prodnction feasibility and in use maintainability of this system doubtful. In use 
estimates of emission control potential have not therefore been made. Most manu<- 
facturers estimate the fuel economy penalty of this system to be about 10 percent 
relative to equivalent weight 1973 model year vehicles. 

(d) Thermal Reactor System with Minimum XO^-—An exhaijst manifold 
thermal reactor is an alternative to an oxidation catalyst. Lowest emissions result 
from systems with fuel rich carburetion where energy release from CO burn-up 
In the reactor holds the reactor at high temperature. Emi.ssion levels appoachlng 
the 1975 standards can be achieved with reactor core temi)eratures of about 
1.800* F. but the durability of the reactor under these conditions is Inadequate. (7) 
Rea.sonable durability has been demonstrated at lower reactor temperatures and 
higher emission levels. (7) Table 3 gives e.stimates of levels achievable in actual 
use. Control of CO is more difficult than control of HC. The NO, level primarily 
determines the fuel economy, and about a 10 percent penalty Is estimated as 
indicated in Table 4. 

A fuel-lesn carbureted enrine thermal reactor combination has been tested 
extensively by Ethyl Corporation.(7) One oar nt .TO.OOO miles has demon.strated 
emission levels of 1.1 g/mile HC. 7.9 g/mile CO. 1.6 g/mlle NO.. While all these 
emissions are above the 1976 stnndard.s, they are close to the 1975 California 
Interim standard.s- The attraction of this approach is that the fuel economy In 
comparable to 1073 conventional vehicle levels. 
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(e) Quettor Reactor NOm Catalyst System.—A reactor—NO, catalyst system 
Is being developed by Questor.dl) The eiiKine is operated fuel rich. Partial air 
addition in the exhaust ports allon-ti some CO and HC burnup in a manifold 
thermal reactor. The hot exhaust gases (still net reducing) then pass through 
a monel mesh NO, catalyst bed. Secondary air is then added and the exhaust 
gases pass into a second thermal reactor for final HO or CO clean upi With a 
liquid quench system to prevent overheating of the NO, catalyst, some durability 
potential has been demonstrated.(7) However, the complexity of the system and 
the failure potential of tlie catalyst quench concept raise serious doubts as to its 
mass producibility. Emission estimates have not been made. 

The fuel economy is poor as shown in Table 4 due to very fuel rich carburetion. 
Fuel economy is improved at high speed cruise by leaning out the mixture (15.8 
mpg at 60 mph steady state) but emission control is sacrificed. 
4.2 Wankel Engine 

The Wankel rotating combustion engine is in mass production by Toyo Kogyo, 
and is being developed for mass production In 1974 by General Motors. It Is 
claimed that large scale mass production would bring significant cost reductions 
since the engine is smaller, lighter, has fewer parts (about two-thirds the number) 
and is better suited to fully automated assembly than an equivalent piston engine. 
However, the emissions and fuel economy characteristics of current production 
Wanlfel engines are not especially attractive. 

The most durable emission control system is the thermal reactor. With a fuel- 
rich carburetor calibration, the engine has low NO, emLssions, and the reactor is 
especially effective for HC control which is the Wankel engine's worst emissions 
problem. Toyo Kogyo has demonstrated 1975 prototypes which meet 1975 certifi- 
cation requirements, but the potential for meeting the 1976 standards with the 
thermal reactor system for HC and CO control, and EGR for NO. control, has 
not yet been demonstrated. Driveability problems limit the NO, emissions in a 
compact car to about 0.8 g/mlle. 

Emission estimates and fuel economy data for Toyo Kogyo engines in Mazda 
velilclea are given in Tables 5 and 6. The 197.S Rotary Engine Mazda has a C\'S 
fuel economy 29 percent worse thnn the average of its weight cla.ss piston engine 
1973 vehicles (17.9 mpg, (5)). Fuel economy deteriorates as NO. emissions are 
reduced to levels api)roachlng the 19'76 .standard of 0.4 g/mile as indicated in 
line (d) of Table 6. The relatively poor fuel economy of this engine vehicle com- 
bination can be attributed to fuel-rich carburetion. to gas leakage past the engine 
apex seals, and the higher quench area and heat transfer surface of the Wankel 
engine relative to nn equivalent piston engine. In addition, the engine power Xo 
vehicle weight ratio of the Mazda RX 3 Is high relative to most conventional 
vehicles in the .same weight class. 

It has been estimated that a .W percent reduction in seal leakage would reduce 
specific fuel consumption at 2,000 rpm by alxmt 6.5 percent, and at 4,000 rpm by 
about 4.5 percent. (12) 
4.S Honda Compound Vortex Controlled Combustion (CVCC) Engine 

This engine, recently developed by Honda into a low emission concept, n-ses a 
small prechaml>er around the spark plug, a dual carburetor dual intake system 
and two intake valves to control the comt)usHon process. A fuel rich mixture Is 
admitted to the prechamber via a small Intake valve, and a fuel lean mixture to 
the main chamlier via the normal intake valve. The burning jet issuing from 
the prechamber after spark plug discharge ensures good ignition of the very 
lean mixture in the main chnmber. A slow burn Is achieved by controlling the 
motion of the mixture in tlie main chamber- The slow burn reduces NO, formation 
rates and allows HC and CO burnup to proceed late in the expansion stroke. lyow 
engine emls.slons have been achieved without catal.v.sts or EGR, though a manifold 
reactor is u.sed. 

The slow bum, divided combustion chamber and lean mixture rediiced the 
maximum torque comimred with a conventional engine for a given engine dis- 
placement. There is aKso a fuel economy penalty relative to nn uncontrolled 
(pre-19«8) conventional engine due to the slow burn of the engine and its higher 
surface area. 

Emissions data have been taken on subcompact. compact and standard si7.e 
vehicles. (13) E.stlmates of emission control and fuel economy potential for the 
Honda system are given In Table 7. Measured fuel economy data are given in 
Tnhle 8.(13) It is ,stress<Ml that the estimates In Table 7 are j>rellminnry since 
the data ba.se available for projections are limited. It appears that the 1975 Honda 
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CVOC system In a compact car (lines (a), (b), (c), and (e) in Table 8) has 
comparable fuel economy to equivalent 1973 vehicles (the 2 liter engine, 2,000 lb. 
inertia weight has a high power to weight ratio). The standard size car (line (f) 
in Table 8) has about a 10 percent improvement above its average 1973 equivalent 
Modifications to reduce NO. emissions (line (d) compared to line (b)) sub- 
stantially deteriorate fuel economy. 
i-i Fuel Injected Stratified Charge Engines 

Both Ford and Texaco have developed open chamber fuel injected stratified 
charge spark-ignition engines. While there are differences between these two 
engine concepts, both employ a combination of air inlet port swirl and high 
pressure time cylinder fuel injection to achieve a local fuel-rich mixture near 
the spark plug while the overall fuel-air ratio is fuel lean for most operating 
conditions. Additional controls are required to meet the 1976 standard emission 
levels. Current designs use noble metal HC/OO catalysts, and EGR for NO, 
control. 

Both Ford and Texaco have developed and tested 4 cylinder 70 HP engines 
for the X.S. Army Tank-Automotive Command military jeep. These have been 
tested over extended mileage. The emission levels and fuel economy of the two 
concepts are comi>arable. Ford has developed 4 and 8 cylinder versions of its 
stratified charge engines for passenger cars, and low mileage emissions and 
CVS fuel economy data are given in Table 9. The available data are currently 
inadequate to estimate emissions in actual use over extended mileage. However, 
the HC level of 1 g/mile projected for a conventional engine with HO/CO 
catalyst in line (b) in Table 3 should be achievable, and CO levels should be 
significantly below the conventional engine 10 g/mile estimate. NO, emissions 
of 0.5-0.6 g/mile might be attained. Note that the fuel economy of this system 
shows a considerable Improvement (in the 10-40 percent range) over equivalent 
weight conventional 1973 vehicles. 

This system Is still In the development stage, and major problems with mass 
production of the fuel Injection system, and spark-plug and ignition system have 
yet to be resolved. 

As with other Internal combustion engine systems, the fuel economy depends 
on the level of XO, emission control achieved. For example, the original Texaco 
IJ-141 70 HP 4 cylinder engine In the military jeep when optimized for maximum 
economy showed a 30 percent fuel economy advantage over the conventional 
carbureted L-141 jeep engine. With increasing EGR and intake throttling, the 
fuel economy deteriorates. With the Texaco jeep engine with NO, emissions at 
0.3-0.4 g/mlle, fuel economy comparable with the original carbureted engine is 
achieved. With NO. at 0.7 g/mile. about a 10 percent fuel economy gain relative 
to the conventional engine is obtained. Figure 3 shows the fuel economy-NO, 
emissions curve for two vehicles equipped with the TCCS stratified charge 
engine. 
4.5 Diesel Engines 

A number of diesel engine passenger cars are available In the t'nited States 
and Europe. BmisKions data In Table 10 show these vehicles have the potential 
for meeting the 1975 standard with NO, emission levels in the 1-2 g/mile range. 
All these engines are 4 stroke divided chamber engines, and the Opel and Peu- 
geot use the RIcardo Comlt cylinder head de.slgn. Daimler-Benz estimates that 
the lowest NO, level achievable for diesels at the present state of the art would 
be about 0.8 g/mlle. (6) Fuel economy would deteriorate as NO, emissions are 
reduced. 

A pas.senger car diesel engine designed according to existing technology would 
have higher initial cost, greater weight and larger size than a conventional 
spark-ignltlon engine of comparable output. It would give better fuel economy. 
The fnel economy values In Table 10 are for vehicles with n low power to weight 
ratio, however, as Indicated by the 0-60 mph acceleration times which are at 
least twice as long as those of conventional spark-ignition engined vehicles. 

A diesel engine technology more suited to automobile u.se could be developed 
with reduced engine weight and size. However, the additional problems of smoke, 
odor and noise would have to l)e resolved before the diesel power plant would be 
an attractive alternative. The development of stratified charge engines would 
bring performance Improvements comparable to those an advanced die.sel engine 
technology would offer. This ap()enrs to the author to be a more likely develop- 
ment from current conventional engine technology. 
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i.6 Summary 
Table 11 summarizes the emission estimates and CVS fuel economy relative 

to equivalent weight 1J)73 vehicles. Tlie attractions of the stratified charge en- 
gine concepts are clear. The emission estimates can be compared with the emis- 
sion standards for 1075 and 1976 in Table 12. 
5. Fuel Economimy Penalty Associated With Emission Control 1968-73 

There is considerable debate as to the magnitude of the fuel economy penalty 
associated with the introduction of emission controls of increasing strictness in 
1968-1973 model years. Estimates of the magnitude range from about 7 percent 
(5) to more than 20 percent. Fuel economy data for two different model vehicles 
over this time period are given in Table 13. Both cars have exjierlenced a 20 
percent fuel economy iienalty, but both have experienced an Increase in weight. 

The weight increase for the Ford vehicle is 20 percent. Chrysler data (1) on 
a standard size car indicates an Increase in fuel consumption of 0.5 mpg for a 
10 i)ercent increase in vehicle weight for urban driving. Thus about two thirds 
of the total fuel economy i)enalty in Table 13 can be attributed to emissions con- 
trol for this urban-suburban tyjje of driving cycle. 

EPA data (5) shows similar trends for standard size cars. Table 14 gives 
average pre-1968 vehicle CVS fuel economy, and average 1973 vehicle fuel 
economy, for different vehicle inertia weights. Subcompact and compact cars 
show little fuel economy loss. Intermediate and standard size cars show a sig- 
nificant fuel economy loss. 

One reason for the different trend in compact sized vehicles Is that the enils- 
Blon reduction required to meet the standardJs is less for CO and NO, in compact 
cars than in large cars. E^iLssions data from 1963-67 precontrol model year ve- 
hicles Indicate that CO and NO, emissions for cars tested at less than 3,000 lb. 
inertia weight were 25 j)ercent lower than emissions from cars tested at more 
than 4,000 lb. inertia weight. HO emissions for these two weight categories were 
not signifieantly different, however. (14) 

Another reason Is that compact pre-emlsslon control vehicles were carbureted 
significantly richer than intermediate and standard size pre-emlssion control 
vehicles (the CO: COi ratio is substantially higher In the emissions data In ref. 
(14)). To meet emission standards all manufacturers have leaned out carburetor 
calibrations, and the spread in carburetor calibrations between different weight 
vehicles has been much reduced. A third reason compact cars show little fuel 
economy penalty is that as emission standards have become more strict, the 
technology used for fuel metering has had to be Improved. For example, many 
manufacturers have introduced electronic fuel Injection. 

One consequence of such changes has been an improvement in fuel economy in 
compact cars due to fuel system changes. This Improvement has offset the losses 
which would have resulted from engine modifications (such as reduced com- 
pression ratio, modified spark timing and exhaust gas rec.vcle) introduced to 
meet emission standards. In intermediate and standard size cars, fuel metering 
technology was already superior and no substantial gains were realizable 
through changes in technology. The decrease in fuel economy in miles per gallon 
in a given vehicle weight class is directly attributable to emission controls. 

That the fuel penalty for vehicles with inertia weights greater than 4,000 lb. 
from the EPA data (17-18 i)ercent) is larger than the change in fuel economy 
due to emis.sions (about 13 percent) in Table 13 data is not necessarily incon- 
sistent since the dri\-ing cycles are not the same. 

A large part of this fuel economy penalty is due to the reduction in compression 
ratio in 1971 or 1972 model year to allow engines to \^e rnn on 91 research octane 
numl>er gasoline. Roen.sch (15) estimates this fuel economy loss as 5.2 percent for 
regular fueled and premium fueled vehicles, respectively, with no increase in 
engine size to offset the performance loss. The fuel economy penalties would be 
7.8 and 13.3 percent if engine performance is held constant. 

Since intermediate and standard size cars are the majority of the car popula- 
tion, and consume substantially more gasoline per mile than compacts, their 
fuel economy loss will dominate the national average loss due to emission control. 
6. Vnnclnsions 

1. There Is a need to understand in greater detail how the nation's gasoline 
production is consumed. Important fact..rs to detrrmine are miles traveled, typ- 
ical driving patterns and average fuel economy for different types of automobiles 
on different t.v|>es of roads. This information is required at different levels and 
on different time scales. The .short term need Is to a.secss approximately, the 
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valldldy of (mrrently used fuel economy tests as measures of nationwide fuel 
consumption. Tlje medium term need Is to develop a more appropriate fuel econ- 
omy measurement procedure which Is representative of average nationwide 
drivlnK patterns and mileage a<Ttimulatlon. The long term need is for a more 
accurate data base with which to make projections of the effects of changes in 
vehicle technology and vehicle use (wtterns on total I'.S. gasoline consumption. 

2. Stratified charge engines, iMith s))ark-ignition and diesel offer improved fuel 
economy and reduced emissions due to inherent design features when compared 
with conventional spark-ignition engines. Conventional engines re<iulre a variety 
of add on devices to meet various pollution standard.s, whereas stratified charge 
engines can achieve significantly lower engine emissions without such add ons. 
The emission levels required, and e-specially the XO. level, strongly influence the 
choice of most promising engine type and the fuel economy which can be 
achieved. 

3. Manufacturers' efforts to meet Federal Emission standards (lfle8-73) have 
resulted in a fuel economy penalty in miles per gallon of about 13 to 18 i)ercent 
for urban driving for the larger intermediate and for standard size cars. Com- 
pact cars have suffered little fuel economy jfenaity, because emission levels 
for CO and NO. In pre-emisslon control com|>act vehicles were lower than In 
larger cars, and because improvements in fuel metering technology have ofTset 
los«es due to emission controls. 
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TABLE l.-BREAKOOWN BY MODE OF URBAN DRIVING CYCLES 

Average Percent time in eacli mode 

C»elt (miles per hour) Idle Cruise Accelefation Deceleration 

lA-4  
ECA-CVS  
CAPE-10 U  

                20.9 

::::::::::       ^l 
13.6 
18.2 
10.1 
13.0 

27.3 
30.2 
34.3 
31.6 

31.7 
27.7 
29.4 
29.1 

27.5 
23.9 
25. S 

CAPE-10 compositi                28.0 26.3 
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TABLE 2.—EFFECT OF AVERAGE SPEED AND NUMBER OF STOPS ON FUEL ECONOMY > 

City rout* 

lenrh (miles)  18.4 
Average speed (tnilu per hour)  23 
Stops per mile    2.17 
Fuel economy (miles per gallon); 

1971 Plymouth Fury III, 360 CIO engine  11.1 
1970 Pontiac LeMans. 400 CID engine  U.S 

• Source: Ethyl Corp. 

TABLE 3.—ESTIMATED EMISSIONS OF CONVENTIONAL ENGINE 197&-76 SYSTEMS' 

City tfid 
•>pres5way 

27.7 
36 

.36 

1C7 
14.9 

Prototype low mileage 
emissions (gallons per 
mile) > 

Systim HC CO       NO. 

Estimated 50,000-mile 
deterioration factor in 
•dual use 

HC CO       NO. 

Estimated 50,0OO-miU 
emissions in use, <(al- 
lons per mile) i 

HC CO NO. 

(I) 197S system HC/CO caUlysL      0.3 3.S        2.2        2.S       2.0        1.2       0.8 t 
(b) 1975 system HC/CO catalyst in- 

creased EGR 35        4.5        ...        2.5        2.0        ..2        ..0 10 
(c) 1976 system HC/CO catalyst NO. 

Catelyst* 2-5 1-4    .2-.5  
(d) Thermal reactor system with mini- 

mum NO. 6        11 1.1        1.2        1.2       1.2 .8 15 
(•) Questor system> 2 2.3       .38  

> Standard size 4,500 lb inertia weight vehicle: 350 CID engine. 
' 1975 EPA CVS-CH test procedure. 
• Inadequate data to estimate emissions In actual use. Systems complex and miss production fusibility marginal. 
• Production slippage factor is 1.1. 

TABLE 4.-CVS FUEL ECONOMY. CONVENTIONAL ENGINE SYSTEMS 

3.0 

l.S 

l.S 

CVS fuel 
economy 
miles per 

System < gallon 

(•) 1975 system HC/CO catalyst  10.1-9.7 
(b) 1975 system HC/CO catalyst increased EGR  9.2 
(c) 1976 system HC/CO catalyst NO. catalyst  9 
(d) Thermal reactor system with minimum NO, ,  9 
(e) Questor system'  6.9-8.0 

< Standard size 4,500-lb. inertia weight vehicle: 350 CID engine. 
• Average 1973 fuel economy: 4,50015. 10.1 mi/gal; 3,000lb. 9.4 mi/gal (urban-suburban driving). 
' 5,000-Tb. inertia weight vehicle: 400 CIO engine. 

TABLE 5.-ESTIMATED EMISSIONS FOR WANKEL ENGINE IN COMPACT CAR < 

Percant 
panalty 
relative 
to 1973 

(percant)' 

0-4 
9 

~10 
~10 
~20 

Systam 

Wankal engine thermal reactor EGR: 
HC  
CO  
NO.  

> 2,750-lb. inertia weight vehicle. 
> Production slippage factor of 1.1 assumed. 

Estimated low 
mileage emis- 
sions (gallons 

per mile) 

50,000-mile 
deterioration 

factor in 
actual use 

Estimated 50.000- 
mile emissions) 

(gallons per 
mila) 

0.4 
3.0 
.5 

1.2 
1.2 
1.2 

a.1 
CO 
.7 
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TABLE 6.-FUEL ECONOMY OF ROTARY ENGINE MAZDA 

System! 

CVS fuel 
economy 

(miles per 
gallon) 

Percent 
penalty re- 

lative to 
1973 Wankel 

fa) 1973 Mazda RX-3,4-spe«il manual transmission, thermal reactor  
(t) 1975 Ma2da RX-3. thermal reactor, riclier carburetion, manual transmission  
it) Same with automatic transmission, 1976 Majda RX-3  
(d) Thermal reactor, richer carburetion, EGRtor minimum NO., manual transmission. 

12.7 
12.4 
11.9 
11.2 12 

> 2.7SO lb. inertia weight 35 CID X 2 rotor engine. 

TABLE 7.-ESTIMATES OF EMISSIONS POTENTIAL FOR HONDA CVCC ENGINE 

Estimated 
low mileage 

emissions 
(gallons 

per mile)' 

Estimated 
50,000-mile 

deterioration 

Estimated 
SO.OOO-mile 

emissions 
in use 3 

(gallons 
per mile) 

Eatimatod 
CVS fuel 
economy 

(miltt per 
gallon) 

Compact 2.750-lb. vehicle. Honda 140 CIO CVCC engine, 
automatic transmission: 

HC  0.3 
3 
.9 

.4 
4 
1.2 

1.2 
1.2 
1.2 

1.2 
1.2 
1.2 

0.4 .... 
CO  
NO.  

4 
1.2  

~U 

Standard 4.500-lb. vehicle. Honda 350 CID CVCC engine, 
automatic transmission: 

HC  
CO  
NO.  

.5.... 
S 
1.6  

 ~ii 

> Data from reference n3) are adjusted for estimated minimum NO. emissions consistent with acceptable fuel economy. 
> Production slippage factor of 1.1 assumed. 

TABLE 8.-FUEL ECONOMY DATA FOR VEHICLES TESTED WITH HONDA CVCC ENOIflE 

Vehicle Engine size 

Inertia 
weight, 
pounds 

NO. emis- 
sions, 

grams per 
mile 

CVS fuel 
economy. 
miles per 

gallon 

Avefage 1973 
CVS fuel econ- 

omy, same 
weight, miles 

per gallon 

2.000 
2,000 
2.000 
2.000 
2,500 

0.93 
.95 

1.2 
.24 

1.2 

25.4 
22.0 
21.0 
18.1 
18.6 

2S.S 
25.5 
25.5 
25.5 
19.9 

(a) Honda Civic, manual transmission  1.6 liter  
(b) Honda Civic, manual transmission  2 liter  
(c) Honda Civic. auto.Tiatic transmission '.do  
(d) Honda Civic manual transmission with EGR do  
(e) GM Vega. CVCC engine, manual transmis-   140 CID... 

sion 
0) GM Impale 350 CID... 4,500 1.2 11.0 10.1 

TABU 9.-L0W-MILEAGE EMISSION LEVELS AND CVS FUEL ECONOMY FOR FORD PROCO ENGINE VEHICLES 

[All vehicles use EGR and noble metal catilysts| 

CVS/CH test (grams per mile) 
CVS fuel 
economy 

(miles per 
gallon) 

Average CVS 
Inertia        fuel economy 

test    of 1973 vehicles 
weight     of same weight 

(pounds) (miles per gallon) HC CO NO. 

nOCO 141-CID Caprii  0.12 
.13 
.11 
.30 
.36 
.33 

0.46 
.18 
.27 
.37 
.13 

1.08 

0.32 
.33 
.32 
.37 
.63 . 
.39 

20.4 
25.1 
22.3 
14 4 

 i2.'8' 

2 500                    19.9 
Do  
Do  

PROCO 351-CID Torino  

2,500                      19.9 
2,500                      19.9 
4.500                      10.1 

PROCO 351-CIDMontegos  
Do  

4,500                      10.1 
4,500                      10.1 
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TABLE 10.—PASSENGER CAR DIESEL ENGINE> 

Vehicle Fuel Acceleration 
inertia              Emissions (gallons per mile)' economy time 0 to GO 
weight   •  (miles per                mi li' 

Mikt                            (pounds)                  HC                  CO                NO. gallon)         (seconds) 

Mercedes 2200             3,S00               0.28                 1.1                  l.S 23.6                     40 
Opel             3,000                  .4                 1.2                 1.3 23.2                     II 
Peugeot             3,000                3.1                 3.4                 1.1 24.2                     M 

I Data presented by EPA at contractors meeting, June 7,1973. 
« Measured by EPA. 
> 0 to 60 mi/h acceleration time for conventional automobile is 10 to IS seconds. 

TABLE U.-SUMMARY OF EMISSION ESTIMATES AND FUEL ECONOMY PENALTY FOR DIFFERENT SPARK 
IGNITION ENGINE CONCEPTS 

Systtm Car liie 

Emissions < g/mile 

HC CO NO. 

Fuel economy 
percent 
change 
19731 

1. 197S system conventional engine; engine modihca-   Standard. 
tions HC/CO catalyst EGR. 

2. Same as 1 viith increased EGR do... 
3. Conventional engine; engine modifications thermal do... 

reactor maximum EGR. 
4. Wanliel engine; thermal reactor EGR  Compact.. 
5. Honda CVCC do... 

Standard. 
6. Ford PROCO;'HC/CO catalyst EGR  do... 

0.8 3.0 

1.0 
.8 

10 
15 

1.5 
1.5 

.6 

.4 

.5 
1.0 

4 
4 
S 

~4 

.7 
1.2 
1.6 
~6 

-2 

-9 

-(25-40) 
0 

+ 10 
+25 

> Estimates of emissions at 50,000 miles in actual use. 
> Fuel economy penalty (-) or gain (+) relative to average mpg fuel economy of equivalent inertia weight 1973 vakjd* 

measured on EPA CVS emission test driving cycle. 
> Estimates based on very limited data. Approximate magnitude only. 

TABLE 12.—EMISSION STANDARDS FOR 1973, 1975, AND 1978 MODEL YEAR VEHICLES 

Emission standard, g/mile 

YMT HC CO NO, 

19731  
1975 interim: 

California  
Rest of Nation. 

1976  

3.00 28.0 XI 

.90 9.0 2.0 
1.50 15.0 3.1 
.41 3.4 .4 

' Expressed in terms of 1975 CVS-CH test procedure. 

TABLE 13.-0ETERI0RATI0N IN FUEL ECONOMY WITH MODEL YEAR OF 2 STANDARD SEDANS 

Model year 

Ford standard size > sedan 

Fuel 
economy,' 

WeighL' miles per 
pound gallon 

Oldsmob<l« 
standard si^e* 

sedan, fuel 
economy,* 

miles per gallon 

1965. 
1S66 \m. 
im. 
wi. i«n, 
1973. 

)              3,550 15.0 

              3,750 14. S 
(  
              4,150 13.0 

!  
::       . : :       4.275 12.0 

17.0 
1&7 
l&O 
14.3 
14.1 
13.6 

> Small V-g engine, automatic transmission, power steering and brakes. Reference 9. 
> The inertia weight for the EPA CVS emissions test is the vehicle curb weight given here plus 300 lb. 
> Urban-suburban driving. 
• 350 CID engine, automatic transmission, power steering, and bialtes. Source: NAS CMVE Data. 
> Urban-suburban driving; not comparable to (3). 
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TABLE 14.—COMPARISON OF CVS FUEL ECONOMY PRE-1961 AND 1973 VEHICLES 

Vehicle ineitii weight 

CVS fuel economy, miles per (illon 

Average 
pra-19M 

2.000 pounds  25.7 
2,7SO pounds  17.9 
3.000 pounds  IS. 3 
3.500 pounds  U.« 
4,000 pounds    13.5 
4,500 pounds  12.2 
5,000 pounds  11.4 

'.T3 
Percent 
penalty 

25.5 1 
17.9 0 
16.2 0 
14.0 3 
11.2 17 
10.1 17 
9.4 18 

Soorce of data: Reterence (5). 

APPENDIX A 

FEDERAL  EMISSION  TE8TIN0  PBOCEJttUBES  FOR LIGHT DUTY TEBICLEB 

The Federal procedures for emission testing of light duty vehicles involves 
operating the vehicle on a chassis dynamometer to simulate a 7.5 mile (19722 pro- 
cedure) or 11.1 miles (1975 procedure) drive through an urban area. The cycle 
Is primarily made up of stop and go driving and includes some operation at 
gpeeds up to 57 mph. The average vehicle speed Is approximately 20 mph. Both 
the 1972 and 11)75 procedures capture the emissions generated during a "cold 
start" (12-hour soak at 68°F to 86°F before start-up). The 1975 procedure also 
includes a "hot start" after a ten minute shut-down following the first 7.5 miles 
of driving. 

Vehicle exhaust is drawn through a constant volume sampler (CVS) during 
the test. The CVS dilutes the vehicle's exhaust to a known constant volume witn 
make up air. A continuous sample of the diluted exhaust is pumped into sample 
bags during the test. 

Analysis of the diluted exhaust collected in the sample bags is used to deter- 
mine the mass of vehicle emissions per mile of operation (grams per mile). A 
flams ionizatlon detector (FID) is used to measure unburned hydrocarbon (HC) 
concentrations. Non-dispersive infraretl (XDIR) analyzers are used to measure 
carbon monoxide (CO) and carbon dioxide (COi). A chemiluminescence (CL) 
analyzer is used to determine oxides of nitrogen (NO.) levels. 

These procedures are used for all motor vehicles designed primarily for 
transportation of pro|)erty and rated at 6,000 i)ounds GVW or less, or designed 
primarily for transportation of i)ersons and having a capacity of twelve persons 
or less. Each new light duty veliide sold in the TTnited States in model years 
1973 and 1974 must emit no more than 3.4 gpm HC, 39. gpm CO and 3.0 gpm 
NO, when using the 1972 procedure. In 1975 the standards will change to .41 
gpia HC 3.4 gi)m CO and 3.1 gi)m NO, using the 1975 procedure. In 1976 the 
standards will be .41 gpm HC, 3.4 gi)m CO and .4 gpm NO, using the lfl7o 
procedure. 
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FiotjRE 1.—Road load fuel economy as a function of vehicle speed for three cars. 
Compact: 2,100 lb. 4 cylinder engine, manual transmission vehicle. Intermediate: 
3,300 lb. \'-8 engine, automatic transmission vehicle. Hedan: 5,200 lb. large F-JJ 
mainr  nutnmatic tranmnission vehicle. Reference (1). 
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FiGUBE 2.—Fuel economy for cold and rearm urian cyd,e», and ^0 and 10 mph 
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31% acceleration, 18% deceleration, 35% road load {similar to EPA CVS Driv- 
ing Cycle). 
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FIGURE 3.—'Effect of NO, level in vehicle exhaust on fuel consumption. Data shoum 
are from conventional engine vehicles with EGR and mixture enrichment to 
reduce .VO, emissions, and from Texaco TCCS stratified charge engine vehicles. 
Fuel consumption {gal/mile) is as measured on CV8 cycle. Reference (10). 

Mr. ROGERS. Thank you very much, Dr. Heywood. 
This is very helpful to the committee, because we must make some 

judgments on what we have heard today as to what action sliould be 
taken. Your study is right in line. 

Mr. Symington ? 



379 

Mr. SYMINGTON. Thank you very much, Mr. Chairman. 
Professor Hey wood, you heard the testimony immediately preceding 

your own, I think ? 
Mr. HEYWOOD. Yes. 
Mr. SYMINGTON. And they seemed to spend some time. Dr. Balgord, 

in describing changes in spark. 
Does that seem to be the same direction of your experience or would 

you be able to tell from what they said ? 
Mr. HEYWOOD. I have not had an opportunity to read their detailed 

testimony, Mr. Symington. 
Mr. SYMINGTON. It might be that you can compare notes. I hate to 

think of great minds not thinking alike if they can. 
I notice in your conclusions, later on in appendix III, page 21, you 

do make the point that we have to learn how the Nation's gasoline 
production is consumed. The Question I earlier was about to ask and 
did not get to had to do with tne car miles that are likely to be driven 
at a time when the decisions we make today become operative, and 
I think you are addressing yourself partly to that in stating this 
criteria. 

Mr. HEYWOW). Well, in the study I did for the Department of 
Transportation, I tried to summarize that we needed to know about 
how we use gasoline and make some statements about what I feel we did 
not know. And I feel we do not know the driving patterns that are 
typical of rural and suburban areas nearly as well as those that are 
typical of urban areas, and these are important factors that we should 
understand better before we attempt to regulate in the fuel economy 
area. 

Mr. SYMINGTON. I think that is right, and we might also be trying 
to project the number of cars that will be on the road, based on the 
other kind of decisions that are being made. That might be more 
difficult. 

Mr. Chairman, I would like to ask another question of the witness. 
We were told some months ago that the Japanese had developed 

a system for cutting off the ignition during a long idio, with the trade- 
off reasonably precise, so that there would be a fuel benefit and not 
a loss. 

Are you familiar with that ? 
Mr. HEYWOOD. I have heard about it; yes. 
Mr. SYMINGTON. And that the depression of the accelerator after 

the ignition has, or rather after the idle has ceased, reignites and the 
car starts up. And I wondered if, in your studies, especially relating 
urban to rural, whether you factored in the amount of time spent 
idling as distinct from actually driving, and the possible usefulness 
of such a device. 

Mr. HEYWOOD. NO; that was not done, and I do not believe that 
type of study has been done yet. I feel it needs to be done. 

Mr. SYSIINGTON. I wonder if you could see what you could learn 
about it and let the committee know, perhaps at a later date, by letter 
or memorandiim, if you think there is any hope in that area. 

Mr. HEYWOOD. I will try to do that; yes. 
Mr. SYMINGTON. Thank you. 
Mr. ROGERS. Thank you. 
Dr. Carter? 

li-tll O - Tt - tb 
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Mr. CARTER. Thank you, Mr. Chairman. 
I certainly think you have a verj' scholarly presentation here today. 

I notice that you mention only one engine which has a possibility of 
reaching NOx standard; is that correct ? 

Mr. HEYWOOD. Yes. My own feeling is that tlie dual catalyst system, 
which we investigated quite thorouglily in the National Academy of 
Sciences study, is too complicated to be able to achieve the original 
1976 emission levels in actual use. 

Mr. CARTER. DO you think that there is some hope that by use of the 
fuel injected stratified charge engine we might reach the NOx 
standards ? 

Mr. HEYWOOD. I think there is some hope but I would repeat the 
remarks that I made earlier, that there is no strong evidence to date 
that that 0.4 grams per mile NOx level is in fact required. 

Mr. CARTER. Do you think that this committee has gone too far too 
fast? 

Mr. HEYWOOD. Yes; and that is the thrust of my statement. I believe 
the clean air amendments were too strict too fast. If you look at the 
graphs that I present in appendix I, you will see that I have sho^vn 
average urban emission rates for hydrocarbons and CO, and projected 
these into the future. You will see that the original intention of the 
clean air amendments is the solid line at the bottom of those curves, 
that is, for hydrocarobns the 0.41 grams per mile line on figure 1. It 
is very close to the dash line, about a quaiier of an inch above it, which 
shows what happens if we have the interim standards for 5 years, 
and then in 1980 bring in the original 0.41 gram per mile standard. 

The reason that the difference is not more is the following: It is 
the difference between the dirty car which one pushes out of the 
car population and the clean car that one replaces it by that matters. 

If one looks in 1976, for example, avei-age emissions are 30 grams 
per mile for CO. A dirty car that is scrapped out of the population 
has, typically, emissions of 80 grams per mile. If one puts in a new 
car with 15 grams per mile, or with 3.4 grams per mile emissions, both 
are sufficiently below 80, that the reduction in emissions is almost 
identical. 

Mr. CARTER. Do you feel as if we should relax the standards, as the 
administration has advised for 2 years? 

Mr. HEYWOOD. I believe that the change in air quality from con- 
tinuing the 1975 interim standards for hydrocarljons and CO for 3 
years, and then following those standards by the stricter standards 
that were originally mandated, is very little different compared to 
change with the original schedule. These calculations that I have pre- 
sented, I feel, show this. 

Mr. CARTER. Do you think that is the direction in which we should 
proceed or not ? 

Mr. HEYWOOD. I believe that is the direction you should proceed in; 
yes. 

Mr. CARTER. Thank you, sir. 
Mr. ROGERS. Mr. Heinz ? 
Mr. HEINZ. Thank you, Mr. Chairman. 
And I thank you very much, Professor Heywood, for some excel- 

lent testimony. 
I^t me ask you. Did I hear you correctly that you were not familiar 

with the Balgord research ? 
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Mr. HETWOOD. That is correct. I am not familiar with it. 
Mr. HEINZ. Very well. 
I was interestecl in your testimony on page 2, where you indicated 

that some comparison between emission rates at 1980—and you made 
the comparison of the 76-percent achievement with one level of 
control, which is 64-percent level of control. And what you were say- 
ing in effect was that the new technology we are mandating might 
not have a very high cost-benefit ratio. I guess is what, another way 
of stating what you have stated to us. 

How do you feel about retrofitting as a means of cleaning up the 
air? Should we deem that desirable, in your judgment woulij that 
have a greater cost benefit ? 

Mr. HEYWOOD. Well, I have studied retrofit in the Columbia, Har- 
vard, MIT program I mentioned, and one conclusion is retrofits are 
very difficult to install. One can design a retrofit program for the 
in-use vehicle population that does give a significant gain in hydro- 
carbon and CO emissions if one could implement it right now. But 
one must be realistic about the time scales of implementing retrofit. 
First, more extensive tests on retrofit devices are required, because 
they have not been tested in sufficiently large numbers to date for one 
to be certain there would be no adverse effects on the vehicles they 
were installed on. Second, inspection programs need to be imple- 
mented, because it has been shown that retrofit is not effective without 
the backup of an emissions inspection. 

Then one has to manufacture these devices, and then the service 
industry has to install them on something like 30 million vehicles if 
one considers the areas of the country where air quality is in need of 
substantial improvement. That would require I estimate an expan- 
sion of the service industry of 20 percent, to carry out this retrofit in 
1 year; 10-percent expansion would do it in 2V^ years. 

My judgment is, it is unlikely the service industry is going to 
expand very much at all. Therefore, the date by which one could 
complete a retrofit turns out to be the late 1970's. By that time, the 
new car emission controls have significantly reduced average emis- 
sions, and the value of the retrofit is marginal. 

Mr. HEINZ. Because your population has turned over so much 
by then ? 

Mr. HEYWOOD. That is right. 
Mr. HEINZ. That is very interesting. 
On page 4 you indicate with reference to the system that you were 

describing, that a system can be developed within 3 years to achieve 
the 1975 interim standards, or even the California 1974 interim 
standard. 

When you say 3 years, what do you mean ? 
Do you mean that it can be developed and introduced in the model 

year, that is 3 years from today ? 
Or do you mean that it would be ready for introduction on the next 

model year after 3 years from today ? 
Mr. HEYWOOD. I mean it should be in large scale mass production 

in 3 years. 
Mr. HEINZ. In 3 years from now. 
Mr. HEYWOOD. Yes. But I would like to add a comment here. When 

we look at technological feasibility, we tend to equate the phrase with 
demonstration of mass production in units of aoout 300,000 or so a 
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year. There is an additional phase required with much new technology. 
That is the conversion of old facilities to produce the new technology. 

For new engines this is particularly important, because while one 
may be able to bring out one new engine in a 3-year period, and for 
example, Ford and Chrysler have suggested they could do this with 
the Honda concept, to convert all of their production facilities to this 
new concept would take very substantiallv longer than this 3-year 
period. And that second phase is often left out of considerations of 
going all the way across the board with the new technology. 

Mr. HEINZ. I thank you very much. 
Mr. ROGERS. AS I understand it, then, you are saying you think it 

is all right to use Federal interim standards for 1975 or California 
interim, out not to freeze 1974 standards. 

You would oppose freezing the 1974 standards ? 
Mr. HEYWOOD. I would oppose freezing the 1974 standards for 

several years. For 1 extra year it does not make a great deal of 
difference. For 2 years it makes more difference. By the time you have 
got to 3 years, it starts to make a substantial difference to the rate 
of reduction of average emissions, and the graphs that I attach in 
appendix I show this. 

Mr. ROGERS. Yes; thank you. 
Now, one final question. We are going to give you the testimony of 

Dr. Balgord. Now, if you can see that that can be done with present 
technology', would this change your testimony at all ? 

Mr. HEYWOOD. If I saw that it could be done with present tech- 
nology in large scale mass production in actual use. 

Mr. ROGERS. I would assume that would have to be the criteria for 
any judgment you have made, along with knowing that it could meet 
these standards, which incidentally, they tested and showed that they 
can even meet the NO, standards for 1976. 

Now if this is so and it has legitimacy, then you would change your 
viewpoint, I presume ? 

Mr. HEYWOOD. If that was so, I would legitimately believe it. But 
let me make the point that there are many test vehicles now in existence 
which meet the original 1976 standards. 

Mr. ROGERS. Yes. 
Mr. HEYWOOD. But that does not necessarily show that large scale 

mass production of vehicles which will meet the standards in actual use 
is feasible. 

Mr. ROGERS. Well, nor does it show that any attempt to mass pro- 
duce them has been made, does it ? 

Mr. HEYWOOD. That is correct. 
Mr. ROGERS. Which may be the more important point. 
If it can be done, I would think the genius of America could do 

it; would you not ? 
Mr. HEYWOOD. Yes. 
Mr. ROGERS. If we may, we may call on you as we get further into 

this problem, to have you give us some of your advice, as you are most 
knowledgeable and have studied this. We are very grateful to you for 
being here and particularly for taking so much of your time to let us 
have the benefit of your thoughts and to be patient enough with us to 
stay this long. 

Mr. HEYWOOD. YOU are welcome. 
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Mr. CARTEaR. Mr. Chairman, one comment if I might. 
Mr. ROGERS. Yes. 
Mr. CARTER. YOU spoke of American ingenuity. Are you an Ameri- 

can by birth ? 
Mr. HEYWOOD. No; I am British by birth. 
Mr. CARTER. I thought you were. 
Mr. ROGERS. Are you an American citizen ? 
Mr. HEYWOOD. NO, I am not yet, sir, 
Mr. ROGERS. Not yet, but you plan to be ? 
Mr. HEYWOOD. I probably plan to be. 
Mr. ROGERS. Yes; American ingenuity. 
Thank you for being here. 
Our last witnesses m the panel, and they tell me they are going to 

make it very short—Mr. Robert S. Leventhal, executive vice president 
of Engelhard Industries, Murray Hill, N.J., and Mr. Jim Dunham, 
director of the Automotive Product Division, Universal Oil Products. 

We welcome you gentlemen. Your statements will be made a part of 
tiie record, and if you could highlight for us the vital statistics you 
think are necessary. 

STATEMENTS OF ROBEET S. LEVENTHAL, VICE PRESIDENT, ENGEL- 
HARD MINERALS & CHEMICALS CORP., AND EXECUTIVE VICE 
PRESIDENT, ENGELHARD INDUSTRIES DIVISION; ACCOMPANIED 
BY JOHN J. MOONEY, MANAGER, AUTOMOTIVE CATALYST TECH- 
NICAL SERVICE AND APPLICATION ENGINEERING DEPART- 
MENT; AND JAMES W. DUNHAM, GENERAL MANAGER, 
UNIVERSAL OIL PRODUCTS CO.; ACCOMPANIED BY DR. VLADIMIR 
HAENSEL, VICE PRESIDENT, SCIENCE AND TECHNOLOGY 

Mr. LEVENTHAL. Mr. Chairman, I will try to be quite brief. 
Mr. ROGERS. You had better identify yourself for the reporter. 
Mr. LEVENTHAL. On this side of the table are Mr. Robert Leventhal, 

executive vice president of Engelhard, accompanied by Mr. John 
Mooney. 

I would like to just highlight a very, very short statement. 
Mr. ROGERS. Certainly. 
Mr. LEVENTHAL. Looking at the situation in terms of national ob- 

iectives, it would seem beyond debate there are two goals which should 
be served in an optimum mix: Achieve the maximum conservation of 
energy resources; clean up the environment, including automotive 
pollution. 

When one cuts through the mass of scientific, pseudoscientific, and 
nonscientific statements on the subject, it is clear there is only one 
technology presently available that will achieve both of these objec- 
tives, the catalytic converter. In the brief time allocated, I want to 
summarize just a few key points. 

First, as testimony before this committee has confirmed, catalyst- 
equipped cars use less fuel in meeting emissions standards at whatever 
level such standards are set. The catalyst permits the engine to be 
calibrated for maximum efficiency, leaving the resulting emissions to 
be cleaned up by the catalyst. 
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Second, if emissions standards are relaxed to levels which can be 
met by further detuning the engine, the laws of the marketplace will 
dictate that course of action with additional fuel and dnveability 
penalties. First cost or "sticker price" is understandably a highly im- 
portant consideration for the auto companies. General Motors, for ex- 
ample, might prefer to equip its cars with catalyst converters. But 
could it afford to if Chrysler decided not to follow that course? 

The answer to this question has already been provided by Mr. Cole, 
president of General Motors, several times today and also when he 
testified last month at hearings in the Senate. He said there: 

If the 1974 standards were continued forward with the same certification pro- 
cedures, we would be compelled to carry over the same hardware In order to be 
competitive. We are In a free competitive market, and we would l)e at a cost 
disadvantage or a price disadvantage if we added extra control equipment, even 
though we could provide better fuel economy. 

Third, adoption of one of the proposals before you; that is, to freeze 
the 1973-74 emissions standards—and remember 1974 is really the 
1973 with one very small change—for several years, would perpetuate 
the industry's worst fuel economy and driveability years—and it was 
driveability that Mayor Thomas, a previous witness today, was talk- 
ing about—while at the same time denying us the improved air 
quality which is achievable with proven technology. 

Fourth, adop>tion of the proix)sal to freeze the 1975 interim Federal 
"49 States standards" for 3 years, allegedly because of the energy crisis, 
could well worsen the energj' crisis. If automobile manufacturers exer- 
cise their option to achieve the 1.5 hydrocarbon, 15 carbon monoxide 
and 3.1 NOx standards by further engine detuning—as Chrysler and 
Ford indicated they would try for a portion of their fleets—the 1975, 
1976, and 1977 model year cars will be worse with respect to fuel con- 
sumption and driveability than the 1973-74 model year cars. Adminis- 
trator Train has estimated that this would cost an additional 151,000 
barrels, more than 6 million gallons, of gasoline every day. 

Fifth, if a 2- or 3-year freeze of emissions standards is decided upon 
by this committee, the far better standard to freeze at would be the 
0.9 hydrocarbon and 9 carbon monoxide of the California 1975 interim 
Federal standard. The fuel savings would be gained because these 
more stringent standards would foreclose the option of yet another 
round of engine detuning to control emissions. 

A freeze at the 1975 "49 State" interim standard would, as testimony 
before you today confirmed, for a large portion of some manufacturers' 
output be met by additional detuning and sacrifice of fuel economy 
and driveability. 

Summarizing, the committee has two choices. It can reject the pro- 
posals to amend the automotive provisions of the Clean Air Act and 
therebv achieve both fuel economy and emissions levels protective of 
the public health, or it can amend the law and place both these national 
goals in jeopardy. 

Thank you, sir. 
Mr. ROGERS. Thank you very much, Mr. Leventhal, for a very 

concise and informative statement. 
Mr. Dunham. 
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STATEMENT OF JAMES W. DUNHAM 

Mr. DUNHAM. Mr. Chairman, I feel like a tail on a very long dog. 
I am dragging, when I think I should be wagging. 

Mr. ROGERS. Well, I am sure we all share that feeling. 
Mr. DUNHAM. My name is James W. Dunham. 1 am the general 

manager of the Automotive Products Division of Universal Oil 
Products Co., of Des Plaines, 111. 

I have with me today Dr. Vladimir Haensel, the vice president, 
science and technology, of UOP. Dr. Haensel is a member of the 
National Academy of Sciences and has recently received from the 
President of the United States the National Medal of Science, the 
Federal Government's highest award for distinguished achievement 
in science, mathematics, and engineering, for work that he has done 
in petroleum refining research. 

Mr. ROGERS. The committee congratulates you. 
Dr. HAENSEL. Thank you. 
Mr. DUNHAM. I would like to ask the chairman if the attachments 

to my brief statement may be included for the record. 
Mr. ROGERS. Yes, they will all be included in the record. 
Mr. DUNHAM. In view of the limited time available this evening, 

I will try to restrict myself to the statement of the several points con- 
stituting the UOP position on the environment and energy 
management. 

First, we believe strongly that the national objectives for improve- 
ment of the environment are completely compatible with an efficient 
energy management program. [See enclosures A and B, p. 387, this 
hearing.] 

Two, we believe that the reduction of load and other contaminants 
in gasoline is a health consideration, independent of catalysts. Indeed, 
the EPA has announced recently its phased objectives for the reduc- 
tion of lead from gasoline on a nationwide basis. It is my understanding 
that the program is believed desirable by the EPA whether the 
catalysts exist or do not exist. The introduction of automotive 
catalysts for emission control only serves to hasten the introduction 
of lead-free gasoline. [See enclosure C, p. 418, this hearing.] 

Third, the expense of lead elimination from fuel is more than offset 
by the reduction in automobile maintenance costs available if the lead 
is removed. A study by the American Oil Co. (enclosure C) indicates a 
4- to 5-cent-per-gallon maintenance cost reduction for vehicles using 
lead-free gasoline. According to this study— 

Eliminating the lead anMlcnock compounds from tlie gasoline unquestionably 
reduces or [xistpones the need for exhaust system repairs, spark plug replace- 
ments, carburetor service, and other gasoline-related maintenance. Moreover, no 
adverse side effects such as valve seat wear have been oliserved. 

Assuming a maximum of a 10-percent increase in refining costs for 
lead-free gasoline with a pass-along to the consumer, the effect would 
be approximately a li^-cent price increase at the pump. Overall, this 
still leaves the consumer with a 21,^- to 3i/^-cent cost benefit using 
lead-free gasoline. Added to the 7-percent average mileage improve- 
ment available with catalyst usage, the user achieves an overall 6-plus 
cent savings per gallon over the life of his automobile. 
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Let me digress for just a moment, Mr. Chairman, and say that the 
7 percent had been derived from the composite of the statements made 
to the Senate Public Works Committee by the three major automotive 
manufacturers. 

No. 4, it is widely understood that the emission control devices 
installed in 1974 model year automobiles, including exhaust gas recir- 
culation, spark retardation, and others, have caused substantial penal- 
ties to gas mileage and operation. The proposal to proceed with the 
1975 interim standards will reduce this gas mileage penalty and yield 
more efficient energy utilization. Continuation of the 1974 standards, 
however, would compromise both environmental and energy conser\'a- 
tion objectives. 

Five, as noted above, implementation of the 1975 interim standards 
represents progress toward achievement of environment and energy 
management objectives, ^\^len announced, these interim standards 
received a great deal of attention because they include different and 
more severe standards for the State of California than for the remain- 
der of the United States. Before extending this two-tiered systeim for 
an additional year, we suggest that the Congress and other Federal 
decisionmakers consider carefuUv the availability of catalysts now 
that could permit imposition of the California HC and CO standards 
countrywide in 1976. 

In view of the EPA proposal to defer the 2 gram per mile NOx 
standard to the 1977-81 time period, I would suggest consideration of 
1976 standards of 0.9 grams per mile HC, 9 grams per mile CO and 3 
grams per mile NOx. With proper utilization of catalysts, these pro- 
posed standards will encourage further improvements in gas mileage, 
additional environmental benefits and conservation of energy. 

Six, in conclusion, I want to emphasize the necessity for keeping the 
research and development momentum for catalysts afive and reaching 
toward 1977 and beyond. Whereas there are many possible engine 
improvements on the horizon that may be available in the 1980's on a 
mass production basis. I think that our nation will want to have effec- 
tive, durable, and reliable automotive catalysts available for years to 
come. In this context, industry is generally prepared to invest capital 
for production facilities in proportion to solid market opportunities. 

Leadtime to construct a facility to handle any significant portion of 
the total U.S. automotive catalyst market is roughly 2 to 3 years, 
depending upon the availability of critical materials. The investment 
required is many millions of dollars. It is not likely that the catalyst 
industiy is wilhng to invest in such major facilities on pure specula- 
tion. With the changes that have occurred in this program and which 
are hinted at in the future, I am concerned, and you may well bectwne 
concerned, that sufficient production capacity for the products that you 
will want will not be available when you want them. I urge that we 
make up our minds, that we stay with a program, and that you give 
us enough time to prepare to meet the Nation's needs. The only alterna- 
tive to decisiveness is heavy Government subsidy. 

Thank you. sir. 
[Testimony resumes on p. 453.] 
[Enclosures A, B, and C, and table referred to follow:] 
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ENCLOSURE A & B 

ENERGY AND EMISSION CONTROL 

by 

Dr. Vladimir Haensel - Vice Presldent-Sctenee & Technology 
Universal Oil Products Company 

M. J. Sterba - Assistant to the Vice President, Development 
UOP Process Division 
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SUWARY OF 

ENERGY AND EHISSION CONTROL 

by 

Dr. Vladimir Haensel - Vice President-Science & Technology 
Universal Oil Products Company 

M. J. Sterba - Assistant to the Vice President, Development 
UOP Process Division 

The United States needs to define its objectives with respect to 

the supply and use of energy and environmental controls. In its simplest 

form the objective would be: "Let us use our energy resources in a most 

prudent manner and concurrently provide for nlnlimm contamination of our 

environment." The prudent use and minimum pollution are not incompatible, 

contrary to a number of official and public statements, and we shall 

attempt to provide the reasons. 

First, let us examine our total energy situation and consider In 

detail our current problem of gasoline shortage. From the standpoint 

of energy supply it is not prudent to use either oil or natural gas for 

electric power generation when coal, atomic energy, hydroelectric or 

geothermal energy can be utilized. Low sulfur coal will have to be 

used as the primary energy source until such a time when proper technology 

is available and installed to remove sulfur dioxide from stack gases. 

Thus on a short term basis, that is 3-5 years, oil use should be 
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concentrated for transportation and petrochemical purposes, natural 

gas for hone heating and cooking purposes, while low sulfur coal 

should be used for electric power generation.    Within S years technology 

should be available to provide for the large scale removal of sulfur 

dioxide from coal burning utility operation, thus making It possible 

to utilize high sulfur coal fur that purpose. 

Our current gasoline shortage points clearly to misuse of our 

petroleum resources.    For several years newly produced automobiles 

have been most uneconomical with respect to gasoline consumption due 

primarily to lower compression ratios, excessive leaning out and 

greater spark advance retard, as well as an Increase In average vehicle 

weight.    Not only are the new cars uneconomical with respect to gasoline 

mileage, but they also exhibit poorer power response and driveablllty. 

The new cars represent a deliberate choice to lower emissions at 

the expense of fuel econonty, which Is Inherent In attempting to meet 

environmental standards while avoiding the use of catalysts.    When 

catalytic converters are employed better mileage and better driveablllty 

will be experienced, but we will not regain the pre-emlsslon control 

econoiny until we return to higher compression ratio engines.    Such 

engines will require a premium fuel of about 96.5 research octane 

nuifaer.    The presence of catalytic converters requires that such a fuel 

be lead-free.    This combination should satisfy the environmentalists, 

since It will not only reduce the pollution from carbon monoxide and 

hydrocarbons but also eliminate pollution from lead and Its accompanying 

additives. 
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The use of catalytic converters to control hydrocarbon and carbon 

monoxide emissions will be expanded In the future to control oxides of 

nitrogen.    This technological advance will not only reduce the pollution 

but will further enhance the gasoTlne econoniy. 

With respect to crude oil requirements to produce the clear gasoline. 

It has been demonstrated that. If a pool octane number of 96.5 Is used In 

conjunction with high compression ratio engines, the crude oil require- 

ments per mile driven are reduced by 8X relative to the crude oil 

requirement when a lower octane number fuel Is used in conjunction with 

a lower compression ratio engine vehicle.    In addition, studies have 

shown that the motorist gains the equivalent of some 3-5(/ga11on In 

maintenance costs due to the use of lead-free fuel. 

Over the years, there have been many attacks on the catalytic 

converter concept.    Recently, these attacks centered around the 

possibility of poisoning from platlnun compounds which may be emitted 

from the converter.    Let us put this problem In Its proper perspective. 

Platinum Is a noble and expensive metal.    It Is present In minute 

quantities on the total catalyst, usually In amounts 1/20 of an ounce 

or less per vehicle.    As a noble metal. It has no capability to form 

volatile compounds at the reaction conditions, and over the 50,000 miles 

of operation the losses of the  non-poisonous   free metals for all the 

cars In the U.S., If they were equipped with catalytic converters, would 

be Inflnlteslmally small, totaling less than 40,000 ounces per year. 

It Is paradoxical that we are suddenly confronted by this loss as an 

Intolerable potential danger, while we currently tolerate the emission 
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of more than 250,000 tons of lead compounds from automobile exhaust 

systems.    Studies by the Environmental Protection Agency have Indicated 

serious health concern from this highly toxic pollutant.    Other 

countries have taken much more aggressive steps to eliminate the use 

of lead. 

The latest attack on catalytic converters has been centered on 

the possible production of sulfuric acid by catalytic converters. 

Since gasoline contains trace amounts of sulfur compounds, these are 

converted Into sulfur dioxide In the engine.    It Is noM postulated 

that In the presence of catalytic converters this sulfur dioxide may 

be converted to sulfur trioxide which. In the presence of water, will 

give sulfuric add.    This Is another ghost, since essentially all 

sulfur dioxide from any source Is converted Into sulfur trioxide and, 

hence. Into sulfuric acid before It leaves the atmosphere.    The sulfur 

trioxide from gasoline coi*ust1on represents less than one percent of 

the total sulfur compounds Introduced Into the atmosphere.    Here again 

the suddet^concern about sulfuric acid Is paradoxical since we 

currently tolerate the emission of hundreds of thousands of tons of 

chlorine and bromine compounds associated with the use of tetra-ethyl 

lead.    Upon contustlon and subsequent hydratlon, the gases from an 

engine burning leaded gasoline will Invariably contain hydrochloric 

and hydrobromic acids. 

The use of catalytic emission control systems on automobiles, 

especially the second generation 3-cofflponent catalytic system, gives 
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this nation its most direct route to a healthy environment with maximum 

conservation of transportation fuels. 

-0- 

UOP-1904 
11/06/73 

NOTE: Dr. Vladimir Haensel, best known for his contribution to the 

development of the "Platforming" process for the upgrading of 

straight run gasoline. Is a 1973 recipient of the National 

Medal of Science. He has also been awarded the Perkin Medal 

for outstanding work in applied chemistry. 

UOP, with yearly gross revenues of approximately $700 million, 

is a world leader In a number of fields including petroleum 

refining, petrochemical and chemical production technology 

and air and water pollution control. 



393 

Energy and Emission Control 

It has been deiriynstrated that catalytic systems for tlie cuiitrol of auto- 

awbile exhaust emissions are a technologically and economically sound way to 

improve air quality. Furthermore, it is reasonably certain that the Federal 

Air Quality Standards eventually adopted will be stringent '^nough to require 

the use of catalytic converters on a substantial percentage of automobiles. 

Since catalytic converters require the use of unleaded gdsuline, a statement 

is appropriate regarding the complex interrelationship of er.enjy supply, of 

the economics of using unleaded gasoline, and of emission . istol. 

A study has been made to establish the cost of production of a lead free 

gasoline pool'. This study indicates that the additional refiriing cost is in 

the range of O.gS-l.b cent^ per gallon of gasoline. The spread depends 

largely on accounting methods, pricing structures and on UK manner of revising 

processing steps. The study further shows that in view of .xilrtenance savings 

the motorist will gain 3 to 4 cents per gallon'^. Thus, wh.itever additional 

costs of deleading are passed on to the motorist they will be more than 

compensated for by the savings. 

The next question is that of energy loss incurred in ;.he conversion to 

the lead free gasoline pool. Studies indicate that In ord<> to nake the same 

volume of gasoline of equivalent octane number, an additioril 4t of crude must 

be processed. This additional 4X of crude does not mean a it^ energy loss, it 

merely means that in the course of refinery operation the i'.  has been converted 

to products other than gasoline, in this case largely sut^ -itute natural gas, 

or j refinery energy source. 

Thus, the conclusion is that to the asotor-st there 1-, a "C*. saving by 

using lead-free gasolines and that from -ue  national standpoint there is no 

energy loss. 
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Let us now examine in greater detail the problen of energy supply, parti- 

cularly with respect to gasoline.    The attached graph (page 3) indicates the 

oasollne production and gasoline doMnd.    The data are based on American 

Petroleun Institute weekly averages and Bureau of Mines information'.    The data 

clearly show that the increased demand has outstripped the sup'1y by a substan- 

tial margin.    In preparing the graph, the month by month date *or production 

and demand were used in a least square calculation to obtain a straight line 

relationship.      It will be observed from the graph that over the last 41 months 

starting with January 1970, when demand and production were reasonably even, 

to Hay 1973, the gasoline demand has grown by 1.06 millloi! uarrels per day. 

while production has increased by 0.93 million barrels per   ,oy. representing 

i current deficit of 150,000 barrels per day.    !t is estii.' red that by the end 

of 1973 the deficit will reach 200,000 barrels per day.    ''tj , jnless the rate 

of production is increased or the rate of demand is checked, the gasoline stocks, 

relative to prior years, will be depleted by nearly 30!t by th>> end of 1973, 

The trend Is quite obvious from the following table: 

(1) (2) (3) 

Month & Year 

Demand 
millii 

barrels, 

in 
on 
/day 

Stocks 
in minion 
barrels Col 

Oa/i of 
rpterve 

1  (.i!/Co1.(2) 

May 1970 5.86 221.3 38 

May 1971 5.90 221.7 3i 

May 1972 6.45 214.7 33 

May 1973 6.89 196.4 29 

UOP's Marketing Services Indicate that:    "Looking ahead, it appears that the 

sunmer of 1973 can be weathered with minimum difficulty (Iccal-zed dislocation 

will be prevalent, however).    The really serious problem in gasoline supply will 

occur in 1974.    Serious difficulties on fuel oil  supply w'll probably emerge in 

the 1973-74 heating season." 



395 

29.271 O - 74 - 26 
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This Increase in demand Is only partly due to the Increased car population. 

Most of it is due to the poor gasoline mileage econonv of newer automobiles. 

This poor gasoline econooty is due to a number of factors.    The EPA in its report 

entitled,  "EPA Report on Fuel Economy and Emission Control, November 1972"'-, has 

documented the economy losses due to the increased weight of the average Ameri- 

can autonwbile and the use of power consuming options such <i< dir conditioning, 

automatic transmission and power accessories.    Another part i-.f the lost econoniy 

is due to tighter emission controls which have led to the i.," of leaner air/fuel 

ratios and lower compression ratios.    Both of these lead to lust efficiency in 

utilizing fuel energy.    Let us examine the factors which contribute to the 

reduced efficiency.    The following graph (page 5) illustrates the relationship 

of power output and fuel consumption versus air-fuel ratio.    At an air-fuel 

ratio of 14.7 weights of air to 1 weight of fuel  there is exatlly the right 

amount of air required to burn all of the gasoline.    To ti.-   left of this point, 

called the stoichiometric point, the engine operates on the rich side, that is, 

there is insufficient air to burn all of the fuel.    To the ruiht of this point 

the engine operates on the lean side, that is the engine '< supplied with more 

than the required amount of air to burn the fuel.    One CAH iee from the graph 

that the maximum power output from the engine occurs at a broadly   rich condi- 

tion, while the maximum efficiency, that is minimum fuel consumption, occurs at 

a slightly lean condition.    In other words, a good combination of driveability, 

with respect to power response, and economy occur at near the stoichiometric 

air fuel ratio.    It will be noted also that the power output diminishes rapidly 

as a given engine is operated more and more lean.    With the advent of progres- 

sively tighter emission standards, the automobile companie-, have gone to the 

leaner side of engine operation in order to in<.ure a greater '.uynly of air 

relative to fuel  so that the carbon monoxide and hviroriirL-.n'. • mid be burn<>d 

morf completely.    Ihi-, ha;  resulted  in poorer futi   I'IIIVMI/   <U'I, ••!.   llii' •..iw  ti-*. 
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since it also gives a poorer power response, the driver tends to utilize power 

enrichment more frequently. This In turn produces an even greater fuel penalty. 

Thus, it is quite apparent that leaned out cars do tend to run under conditions 

of reduced gasoline mileage. 

Let us now go a step further. The anticipation of fhe use of catalytic 

converters for exhaust emission control has dictated the u'e of lead-free fuels. 

The oil industry cannot change overnight to produce both prenium and regular 

grades of lead-free gasoline, but it can produce a lead-free regular gasoline 

much more readily. In fact, effective July 1974, every set vice station will be 

required to sell lead free regular gasoline, and currently a number of oil 

companies are offering such a fuel. The use of a regular ciiioline having a 

Research Octane Number of 91 requires the use ot a lower compression ratio engine 

to avoid knocking. This Is an advantage from the standpoint of pollution control 

in that it will reduce the amount of nitrogen oxides formed during the combustion 

process. It so happens that the amount of nitrogen oxides (NOx) formed depends 

on the temperature in the combustion zone. The higher the temperature, the more 

nitrogen oxides are formed. As the compression ratio Is reduced, the combustion 

temperature is reduced and less nitrogen oxides are produced. In addition, as the 

engine Is deviating appreciably from the stoichiometric point, the NOx fonsation 

is also reduced. In a further move to minimize the NOx formation, the automobile 

companies have retarded the spark advance jo that a maximum pressure and maximum 

temperature are not reached. This results in an effect similar to that o*" a 

reduced compression ratio and thus also produces a loss in power and poorer econony. 

This sounds like a perfectly proper approach in anticipation of the exhatst 

emission standards, however, let us examine what, il does to our gasoline supply 

picture. He already know that operating thp enqine on thr lean <;ide imposes a 

fuel penalty and now let us find out how the reduction in c ^i.iirr-'.sion ratio 

affects the fuel economy, sinf.e nearly aP ')f "" "vn <.••<•    •<<   •Hiablr of H^M-H 
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regular gasoline. T. 0. Wegner and L. W. Russuin in a recent API paper' state 

that: 'Although many feo jres of engine design affect vehicle efficiency and 

octane requirements, we chose compression ratio as the defining variable 

because it has a larger effect, overall, than iny other single feature." 

The following graph (page 8) shows the re'ationshifi ' '.wen Research 

Octane Number of the fuel and the engine cycle efficiency, in constructing 

this graph, we used the data of Wagner and Russiiin, who c. 'cjiated the cycle 

efficiency at an average of "cruise" and acctleration" mode-., it should be 

stated that the higher the octane number the higher the c./ic •••ssion ratio that 

can be used. As the compression ratio is increased a high  r .••.i*ustion temper- 

ature is reached and the engine operates more efficiently,  lu' a higher pressure 

is exerted on the piston. It will be observed that over hi- range of 89.5 to 98 

Research Octane Number the combustion efficiency is incrco.'d from 35.6 to 40.7t, 

representing a 14% increase in power output, or, conversely for the same power 

output, we need to use only 87.5t of the fuel. Let us now relate this to what 

this does to our gasoline supply picture, since, as indicuted earlier, the pro- 

duction of a higher octane gasoline does involve the processing of more crude 

to give the same volume of gasoline. This is shown on the qraph (page 9)^. 

This graph confirms our earlier statement which indicated that in order to make 

the same pool octane number lead free product as is now mad'? with lead, about 

4t more crude processing is required. The next step Is to put the two relation- 

ships together, that is, the reduced gasoline consumption through the use of a 

higher compression ratio engine and the increased crude demand for making this 

higher octane nunber lead-free gasoline. This relationship is shown on the 

graph (page 10). It will be observed ;rat In the range of 96-96.5 Research 

Octane Number the crude requirement to drive automobiles cguai distance reaches a 

minimum of 92.41 of the requirement of the base case of 89.•• R-search Octane 

Number. Beyond this minimum point the crucJe requirement cu-vt increases mere 
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rapidly than the Increase In engine cycle efficiency and more crude throughput 

wll) be needed, however, even this requirement Is considerably below the re- 

quirement of our base case of 89.5 Research Octane Number. 

It should be pointed out that In addition to this reduced crude require- 

nent efforts should be made to improve It still  further,    li 1-; believed that 

the extent of current practice of operating quite lean should be changed to 

operating much closer to the stolchlonetric point, which does produce close to 

maxlimjn power and therefore driveability as well as the optinuKi fuel economy. 

In addition, the use of spark advance retardation, as practiced now, should be 

discontinued in view of its effect on power output and fuf;l economy. 

What do these recommendations do to the problem of <>miss1on control? 

Have we merely indicated a way to alleviate the problem of ()*so11ne shortage 

and aggravated the emission problem which is partly respotisiMe for the gaso- 

line shortage to begin with?   The answer is that these rtfLauinendatlons not only 

point the way to better driveability and fuel econony but tney also point the 

way to better exhaust emission control.    Extensive tests h-:ve shown that at the 

stolchlonetric air/fuel ratio it is possible to control H"". CO and NOx simul- 

taneously In a single catalyst bed without the use of suppla-n-ntal air.   This 

is shown in the graph (page 12).    It will be observed that Vii-ri is a "window" 

where the very high conversions of NOx are attained by the    nLeraction with 

carbon monoxide in the presence of the same- catalyst.    The  ;idth of this "window" 

varies with the catalyst.    Consitlerable advances have been made in widening the 

"window" in order to allow for some material fluctuations '•' the air-fuel ratio 

in actual driving.    Building further on this observation, pro'iress is being made 

in developing a feedback control system capable of maintainifiO itolchiometric 

conditions over all engine operating modes anu regardless .'^  imbient temperature. 
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barometric pressure, humidity or fuel composition.    This control  system will 

create a self-tuning automobile which, operated on high octane, unleaded fuel. 

Mill provide maximum emission control, maximum energy utilization and maximum 

driver satisfaction at minimum expense. 

Vladimir Haensel & M. J. Sterba 
June 25, 1973 
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Energy and Emission Control 

Supplemental Statanent No. 1 

With crude oil, gasoline and other fuels in short supply in the United 

States, it becomes of interest to study ways in which a given automobile trans- 

portation task can be accomplished with a mininium of fuel    onsjniption.    The 

use of catalytic converters, which may be necessary to me°r .^v : lual  Federal 

Air Quality Standards, will very likely require the use o1  :   .?aded gasoline. 

Therefore this discussion will be directed at a determinatic.'. of that unleaded 

gasoline octane number corresponding to the minimum crudt j;    usage. 

That there should be such a minimum is the result of c>"' opposing trends. 

One trend is the requirement of less fuel  to move a givei. ^>^'J.'ie under constant 

driving conditions over a given distance, as the compres". i', •   ttio of the 

engine of this defined vehicle is increased within reasoiiat  r Mmits.    However, 

this rise in the compression ratio of the engine require',  me • se of gasolines 

having higher octane ratings.    But to manufacture gasolit.us h.iviny higher octane 

ratings along with a constant amount of all other refine'' .••ud'jzts, requires 

increasing amounts of crude oil.    With the simplifying as •.   M'H of the constant 

vehicle driven under constant conditions over a given dis - K .'. a minimum crude 

requirement can be sought as a result of the above describoj O; posing trends. 

Similarly, a minimum overall fuel or energy cost might be .omyjted, but this is 

not considered in this development. 

The minimum crude requirement, corresponding to the optimum gasoline octane 

number was established by a sequence of four computational  steps: 

1. First, the engine octane number requirement was defined in terms of 

its compression ratio. 

2. Then the vehicle efficiency with respect to fuel   jsage was related 

tc the compression ratio of its engine. 



408 

3. As a third step the crude o11 requirement was computed for producing 

fixed quantities of refinery fuel products, with the gasol'ne having a variable 

octane number. 

4. rinally, the opposing trends of steps (2) and (3) were related to 

each other to establish a minimum crude oil requirement, ^•••'. jt what octane 

number this nlnlmum occurred. 

Compression Ratio and Octane Number Requirements 

To establish the permissible engine compression ratio- frT a range of 

gasoline octane numbers, reference was made to the work of Wagrer and Russum of Amoco 

who reported their results 1n a paper' "Optimum Octane Number tor Unleaded Fuel" 

presented at the May, 1973 meeting of the American Petrolium Institute. These 

authors derived the above relationship from surveys of octonf- number require- 

ments of automobiles conducted by CRC (Coordinating Researci Council) between 

the years 1956 and 1972. In the regression analysis of the CRC data, they 

derived empirical relationships for both Research and Motoi Octjne Numbers, 

although only the former will be used in this discussion. 

For Research Octane Numbers, their relationship was expressed by the 

following equation: 

RONR = 66.4 + 2.95 (CR) 

where RONR - Research Octane Number Requirement 

CR = Engine Compression Ratio 

A'lhouqh unleaded fuels were used only in 1971 ind 1972 in :•  .KC surveys, it 

's assunic'l that the above equation is generally applicable L. mleaded gasoline 

octane numbers over the range of 89.5 to 98. 

The first column in Table 1 is a range of Research OLtare Numbers in Incre- 

ments of one unit. Included arp reference points of 89.b lih? oresent unleaded 

octane number of the national gasolene pool) and 96.5 {'he rosf-nt leaded octane 
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number of the national pool).    Using the above equation, the maximum permissible 

coaipression ratios corresponding to each octaFie number were computed, and appear 

in the second column of the table.    Because many factors otner than compression 

ratio affect the octane requirenient of an engine, the eouation used represents 

a statistical average of the automobiles represented in thi.-  ,u-.'ey. 

Vehicle Efficiency Related to Engine Compression Ratio 

Engine fuel-air cycle efficiencies, as related to compression ratios and 

appearing in the third column of Table 1, were taken directly from the paper of 

Uagner and Russum who used a classical method ut computati(.i. ind state that 

".   .  .it yields results more reliable than oiJtrimental i.ei.iacs."   These authors 

computed efficiencies for full-throttle and for part-throttlo conditions.   At 

each throttle setting efficiency calculations were wade for   led", stoichlometric 

and for rich fuel/air ratios.      They plotted cycle efficiei. .es against compression 

ratios for two combinations of throttle setting and fue1/L>{: mixture ratios: 

a "cruise" mode (part throttle and lean mixture), and an 'icceleratlon" mode 

(full  throttle and rich mixture), as representing the don^''^nl nodes of engine 

operation.    They point out that the relative engine cycle -fficiencles between 

any two compression ratios is nearly the same for either c* ine above sets of 

conditions, and conclude that ".  .   . the intrinsic benefit of rjislng compression 

ratio is practically the same for all operating modes."    The .'nqine cycle effi- 

ciencies in the "acceleration" mode listed in the third ccljmrt of Table 1 were 

read directly from their Figure 1, as related to compressid. ratios.    How the 

engine cycle efficiency is related to the gasolene octane number through the per- 

missible compression ratio is displayed or. Figure 1.    Both octane number and the 

compression ratio it permits are Indicated along the horizontal axis of the plot. 

Uagner and Russun. then ocint out the    errors are negligible in assuming 

that for a given vehicle,  •.he   'verall vehicif f-ffiriency {V-r •« rk output at th» 
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wheeli per fuel energy input to the engine) is directly p   .')0''tional to engine 

cvcle efficiencies at each compression ratio. 

The fuel required to propel a given vehicle under a givei- set of driving 

conditions over a giver route is, then, inversr-'/ proper'    •'»'   ".o Its enginp 

cycle efficiency.    In ''able ', Lhe fourth coiurr, shows Lf   ••.f  vonsjmptlor 

required to perform this task relative to tiit  amount of     led at the refer- 

ence base point octane number of 89.5. 

Crude Required to Produce Higher Unleaded ^^oI M e Octam    u fl -r 

The relationship between crude throughput and the u> i   -Inf* Research Octane 

Number of the pool gasoline shown in Figure 2-  was deriv' : :ning nine sets 

of sequential refinery model computations.    As i base cos -  - r^ow scheme model 

was established for a typical 100.000 barrel  per day rffu   r    rhich made product 

yields representative of the average output of the U.S. T irug Industry.    The 

gasoline pool, about 40f premium and 60t regular, had a nni.-.r.a]  Research Octane 

Number of 96.5 with 2.5 grams per gallon of lead.    Uitliou'    c-ic.  this gasoline 

pool had an octane number of 89.5.    These octane numbers .:>: :!;ad contents are 

typical of the U.S. refinery output during the last severe        .:rs. 

Following the definition of the base case as establu'itd above, a sequence 

of eight sets of computations was performed by modifying tn.' bd' c case model  to 

make the same quantity uf each refinery liquid product, bui witli unleaded pool 

gasoline octane numbers set at successively higher values    lovc the base case 

value of 89.5.    The basecasewas modified for the higher ocU':*^ models by 

operating certain existing or expanded processing units at higher severity, by 

rearranging the flow scheme, and by the insertion, of additional but commercially 

provpr processing units, as required to achieve ttic objpcti/o qasollne pool 

octane number.    Each case wa"; optimized by Imi-ar proq'-ornp cr;  itrchniques to 

show iowest manufacturing cos's within the "jn-   lait^ts ol .i»aiU'.>ie technology. 

n-tn o - 7< - j7 
I  
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The increasing crude oil requirements for the successive cases of ascend- 

:ng pool gaso''ine octane numbers was plotted to form the smoothed curve on 

Figure 2 which shows a rather sharply rising crude requirement as the octane 

nunber rises much above 95-96.    Thus, when 100 barrels of crude oil are needed 

cc luke a gasoline pool of 89.S octane number, about 102 N.rels are required to 

make 95 octane number, but a pool octane number of 97 nee       06 barrels of crude. 

Numerical values of crude requirements as rclntcd to unlea^ 1 gasoline pool 

octane numbers appear in column five of Table 1. 

Of the incremental additional crude oil f^quired tr n^il-.o the higher octane 

nuaber unleaded gasoline pools above 89.5, a sfnall portion    r- used to supply the 

additional  energy requirements needed to operate the proci   ••mj units to create 

the higher octane numbers.    At the higher octane numbers,    n the vicinity of 97, 

about one-fourth of the additional crude is used to supply t'lis extra energy 

which includes fuel  to fire process heaters, to raise steam, and to produce the 

extra electrical power.    More nearly one-tenth of the supplemental crude is 

needed to supply extra energy requirements at the lower octane levels just above 

89.5.    The remainder of the additional crude, not used to produce refining 

energy, is converted by the more severe processing to light hydrocarbons, 

principally LPG (C3 and C4), and some C^ and methane.    These light hydrocarbons 

are useful and salable products, available to aid in supplying the energy needs 

of the nation. 

In the computations the produced amounts of gasoline, distillate fuels, 

rf-idual fuels and other liquid refinery products were held constant as the 

crtane number of the gasoline pool was changed. 



414 

Crude Oil Requirement Versus Unleaded Octane Number 

It is seen from Table 1 that as the unleaded octane -number (column 1) is 

Increased above the base of 89.5, the relative amount of crude required to pro- 

duce these gasoline octane numbers Increases (column 5), but because higher 

engine compression ratios (column 2) are pronissible, the .- ^live amount of 

fuel derived as a fixed yield from Crude diminishes as stiti.i   -i colunn 4.    Thus 

when a given car Is equipped with an engine tc take advan'..;,-   c-  the higher 

octane number, the overall crude requirement shown In column 6 of Table 1  is 

the product of the numbers in columns 4 and b.    The relativ.' aiiount of crude is 

seen to diminish as the octane number is raised above the b..-,f value of 89.5, so 

that a minimum crude oil requirement is reached at an unl'^oJcd octane number of 

96-96.5, above which the needed crude Increases.    These over,:!'  trends are shown 

on the plot of Figure 3 which displays this minimum point i i crude requirement. 

It is interesting that Uagner and Russum' came to a '. r.jlar conclusion, 

based on an economic approach.   They state that "Motorist'':, rotel gasoline costs 

per mile   are lowest when the octane number of the unleadea gasoline pool is 

In the range of 85 to 87 Motor Octane number."    These Motor o'tanes correspond 

to Research octanes in the vicinity of 95 to 97. 

Another study, reported by U. R. Epperly' of Exxon, r- the matter of crude 

conservation and minimum cos^ to the motorist relates that ' .   .   .we have con- 

cluded the net value to the customer is higher with high 'x lane fuel than with 

low octane fuel.   We have also found that for clear fuels,  vhen fuel consumption 

•is taken into account, crude run decreases with increasir .    ctane at least up 

to 97 RON pool as shown here." 

rv  J.  Sterba - July 10, 1373 
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Table 1 

Relative Crude Required to Drive a Given Car a Given 
Distance at Same Driving Conditions with Gdiolines of 
 Research Octane Numbers above 89.5       

(1) 

Unleaded 
Gasoline 
Research 

O.N. 

89.5 

90 

91 

92 

93 

9i 

95 

96 

96.^ 

97 

98 

(2) 

Permissible 
Compression 

Ratio'a) 

7.85 

8.0 

8.35 

8.65 

9.0 

9.3 

9.6 

9.9 

10.02 

10.15 

10.4 

(3) W 
Relative 

Engine Fuel 
Cycle Consumption 
Eff-.tyfa) for Driving' 

35.6 

36.0 

36.8 

37.4 

38.1 

38.6 

39.2 

39.8 

40.1 

40.2 

40.7 

1.000 

0.989 

0.967 

0.952 

0.934 

0.922 

0.908 

0.894 

0.888 

0.886 

0.875 

(Sj (6) 

RelaHvj 
Crudt 

Requirod    , 
for_u.N.('^' 

Crude 
Required 
to Drive 
Car Equal 
Distance*' 

100.C 100.0 

100.i- 99.1 

100." 97.1 

100 j; 96.0 

101.- 94.5 

101  • 93.7 

102.:. 92.9 

103 '. 92.4 

104.1 92.4 

105.•• 93.5 

108 . 95.1 

(a) From RON = 66.4 + 2.95 (CR): Wagner & Russum. 

(b^ From Fig. 1 ("Acceleration" Mode): Hagner & Russum 

(c) Based on lOOt at 89.5 RON 

(d) Crude required at Refinery to make clear RON, based c. l!;(.i at 89.5 RON. 

(e) = (c) X (d). Assumes same driving conditions with "s.i *" tars of varying 
CR only. Percent relative to 100 at l.ase kOH of B9.'. . 
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ENCLOSURE C 

CATALYST, FUEL CONSERVATION AND THE EHVIRONMERT 
 YESTERDAY. TODAY AND TOMORROW  

The current controversy over sutoaotlve oxidation catalysts Is 

realnlscent of the birth and oaturlng of other technological advances. In 

1948 UDP Introduced Platforalng, an advanced refining process utilising platlnua 

catalyst. The petroleum Industry scoffed and ssld It was too expensive. Today. 

25 years later, our aany customers are sstlsfled and our competition is selling 

similar processes. 

Ever since Its Infancy In the late 19S0's to Its current maturity, 

the history of the development of catalytic emission control devices has moved 

from one antlcllmsx to another. Catalysts have been singled out for criticism 

again and again primarily because they are the only practical nay now available 

for achieving the automobile emission stsndards and timetable of the 1970 

Clean Air Act.  Not surprisingly, the more distant solutions frequently look 

better because less is known of their shortcomings. We at DOF believe the 

only realistic way to look at automotive pollution today is to accept the present 

gasoline fueled Internal combustion engine aa  a fact of life. 

In the next few pages, wc will try to put the current altustlon la 

perspective. This paper will desl briefly with: Yesterday's technology of 

engine modification and how it curbed pollution and its effect on fuel conservation; 

today's catalytic devices and what effect they will have on pollution and fuel 

supplies; and, what we can expect from tomorrow's technology - tha second gen- 

eration of catalytic device systems. 
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lESTERBAT 

During the 1960'a autoaotlve axhauac bccaaa recognized as a aajor 

contributor to air pollution.  Fron this realization case the Clean Air Act of 

1970 that called for the regulation of automotive ealaslons. This act set 

outoBotlve ealsslon standards, which In coablnatlon vlth other planned emission 

reductions would achieve clean, healthful sir for the nation. The Clean Air 

Act also charted a  course for the grsdual reduction of sutoaotlve emissions that 

started In 1970 snd was to end In 1976 vlth low emissions required to sssure 

the desired ambient air quality. At the time of writing the Clean Air Act, It 

was foreseen that the 1976 emission standards muld be technically difficult 

to achieve.  For the first year of emission regulation, only modest reductions 

of BC and CO were mandated and were easily •ecompllshcd by simple engine modifi- 

cations. These initial engine nodlflcstlons caused performance and economy to 

suffer slightly and NOx emissions to Increase. Later, when ROx reductions 

were maodated along with further BC and CO reductions. It became necesssry to 

•dd spark retard and exhaust gas reclrculatlon.  Put together, all of these 

engine modifications have now resulted In significant reduction of fuel economy, 

estimated by the EPA st shout 7Z snd at lOX to 13Z by the car manufacturers. 

Yesterday's technology of engine modification has achieved slgnlflcsnt 

reductions In the three major pollutanta from prc-controlled cars: hydrocarbon - 

SOX, carbon monoxide - 70Z and oxides of nitrogen - 40Z. Bowever, further 

ealsslon reductions sre necessary and they oust be coupled with gasoline econoscr 

because of the fuel shortage. 
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TODAY 

It Is generally accepted, though soaetlaee unwUllngly, that oxidation 

catalyats are the only available way of neetlng the atrlcter hydrocarbon and 

carbon monoxide standards and. Indirectly, the oxides of nitrogen standards.  In 

evaluating the future of oxidation catalysts, ve  at HOP believe It should b* 

viewed In two ways: First, the Indirect benaflts and secondly, what the catalyst 

Itself does. 

Indirect Benefits 

Increased Gasoline Mileage 

The catalyst Itself does not aeasurably affect gasoline nileage, but 

It does allow the engine to be aodlfled to laprovc mileage. Changes In tlalng, 

EGS and fuel mixture can be nade In 197S aodels. As a reault, the aotorlat 

will save Boney and less total gasoline wlll,b« consmed. We estlaate the fuel 

penalties can be decreased froa the high of lOX In 1974 to 3Z In 1975.' 

laproved Perfonaaoce 

The 1973 and 1974 nodel cara suffer by coaq>arlson with earlier year* 

In perfomance. The 1975 aodels with catalytic converters will have significantly 

better starting and acceleration characteristics. 

Decreased Lead and Halogen Conpounda 

The coBbustlon of gasoline with tetra-ethyl lead in notor vehlclea 

produces over 90Z of the lead in the atoosphere.  These lead compounds msy be 

highly toxic.  In order to prevent the accuaulation of lead deposits on vital 

Based on auto manufacturers' submissions to the Senate Public Works 
Committee, November 5, 1973. 
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•aglna parts, halogenlc coiq>ouoda or acavcngera ar* alao added to the gaaollna. 

Theaa produce hydrochloric and hjrdrobroalc aclda In the axhauat. Lead ia a 

poUoo for catalyata, and future (aaollne will be produced without lead. Thla 

fact coupled with the health haaard will eventually lead to the ellalnatlon of 

practically all airborne lead. 

Lower Maintenance 

By ualng lead-free gaaollne, the aotorlat will aave on Maintenance. 

Exfaauat syatea repalra, spark plug replaceaent and carburetor servicing will 

be reduced. Thla could save the aotorlst up to an average of 5c per gallon.' 

What the Converter Doea 

Hydrocarbon and Carbon Monoxide Reductlona 

In earlier testlaony to the EFA, we described the reeults of e 

50,000 Bile dursblllty snd abuae test.' At 50,000 allea all hydrocarbon 

ealsslooa were leas than 0.3 graaa per alle and all carbon aonoxlde leas than 

2.2 grass per alle, considerably below the original 1975 standard of 0.41 and 

3.4 reapectlvely. 

Eeactlve Hydrocarbon Reduction 

Catalysts have the unique ability Co aelactlvely raaove the reactive 

hydrocarbona that are reaponalble for photochealcal saog. If we aaaioe that 

the average 1975 eutoaoblle without catalyata will ealt 1.2 graaa of hydrocarbon 

per Bile, then about 0.78 grana or 65X of this will be reactive and will be capable 

'Society of AutoKitlve Engineers Paper No. 720084, January, 1972 (attached) 

^50,000 Kile Standard Durability Teats and Abuse Dursblllty Testa Using 
260 Cu. In. Reactora and Pelleted Catalyst (attached) 
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of foralng photochealcal saog.  The average 1975 car equipped with catalysca 

will eait about 0.3 graas per alle of hydrocarbona. Of tbla, about O.IS graaa 

will be reactive.  Therefore, 1975 cara with catalysta will ealt only about 

20Z of the quantity of reactive hydrocarbon emlaalona aa 1975 cara without 

catalyata. 

Polynuclear Aromatic Hydrocarbona Reduction 

The effectiveness of catalytic converters in reaovlng reactive 

hydrocarbons is inportant to people concerned about the presence of polynuclear 

aronatlc hydrocarbons (PIIAH) in autoaoblle exhaust. These "tars" are suspected 

of having carcinogenic, or cancer-producing, properties.  Fortunately, catalytic 

converters are about 9SZ effective in reaoving thea.  Numerically speaking, 

typical autoaoblle exhauat contains one part of PNAH per ten Billion psrts of 

exhauat. After passing through s catalytic converter, thla is reduced to about 

five parts per billion. To put these tiny quantities in perspective, let's 

coiq>are Che PNAH "tsrs" in exhaust to the aiailar "tars" in a cigarette. The 

saoke froa one cigarette contains about 18 ailllgraas of tar. Raw exhauat 

emitted froa an engine in one hour contains only 10 ailligrsaa, or about half 

as Buch.  After passing through a catalytic converter it would contain only O.S 

ailllgraas of tar. 

Oxides of Nitrogen 

In any made of operation, the catalytic converter aystea never 

increases the quantity of nitrogen oxides. Interestingly enough, an oxidation 

catalyst when fed with an exhaust gaa of stoichioaetrlc proportions will reduce 

the nitrogen oxides concurrently with the oxidation of hydrocarbons and carbon 

monoxide. 
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(hdd«a of Sulfur 

The presence of sulfur coiqwunds in the staospherc has been a 

concern ever since the use of coal and the SBeltlng of aetal sulflde oras 

started Bore than 1,000 years ago. The post World War II sulfur snog episodes 

ID various parts of the world sccelersted the study of and attention to sulfur 

ealssions.  The aain sources of sulfur coapounds In the ataosphere are biological 

decay, ocean spray, and the coabuation of foaail fuela.  The burning of fossil 

fuels hsa Increased rapidly with increased population and industrialization and 

now accouDts for about one-third of the total sulfur eaitted to the atBOsphara. 

Host of this is naturally oxidized in the atnosphera to sulfur trioxide in a 

short tiae. The sulfur la then reaoved froa the ataosphere via the foraation of 

sulfurlc acid and its salts which sre purged by rain and gravitational settling. 

Thus, in the total view, it aakas little difference in %«hat fora the sulfur is 

aaltted to the ataosphere. 

Presently, in the United Ststes lass than IX of the total sulfur 

ealssions cone froa the coabustion of gssoline inautoaoblles. The aulfur level 

in the fuel defines the aaount of sulfur dioxide and aulfur trioxide produced 

by the engine.  The sulfur content of aost gasolines now range between .01 and 

.08 weight percent which is about the saae order of aagnltude as the halogens 

added to leaded gasoline.  Sulfur levels can be controlled at the refinery. 

The situation with regards to the effect of catalytic convertera on 

the eaisaion of aulfur oxides is not wall defined. There is a concern that a 

significant aaount of sulfur dioxide aay be oxidized to sulfur trioxide in 

catalytic converters. This aight have the effect of increasing the sulfurlc acid 

aerosols in certain localized areas.  Soae ultre-conservative calculations 

indicate that these ealssions could contribute to heslth probleas. 
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A*  of this Boaant, the portion of (ulfur dloslda that aay be osldlud 

CO sulfur trloxlde In catalytic convartera la In queatlon. Several govemaent 

and Induacrlal laboratorlea have reported varloua levala of aolfur dioxide 

oxidation In passing through catalytic converters. There Is a wide variance 

in these reported data.  Thla la probably due to an undetenilned coablnatlon of 

these factors:  uncertainties In the sulfur oxide snalytlcal techniques: the, aa yec, 

uncharted effect of the many engine/catalyst operating variables; and the extent 

of sulfur storage In the converter. OOP believes further research la needed to 

define the extent of the problea and to aeek acceptable solutions. If necessary. 

Platlnun Emissions 

SOBS of the hlghaat platlnua losaea ve have observed In our potentially 

comserclal catalyst were 0.2 graaa and 0.17 gr^u over a 30,000 mile teat. This 

Is about a 7Z lose of the original total platlnua content. The aoat likely fora 

of platlnuD loss Is the lero-valent aetal duat which la considered noncoxlc. In 

order to be ultra-conservative, we have based our calculatlona on the bypotheala 

that all of the loss would be In the fora of toxic platlnua salta. 

The teat vehlclea had an average gas mileage of 10 allca per gallon, 

an average air-fuel ratio of about 14 and a fuel daaslty of six pounds per 

gallon. This results In an exhaust flow of 6.5 cubic aatera per alle. Therefore, 

the "platinum salt" loss would amount to 0.0006 mg per cubic meter at the tall 

pipe, which is about one-third of the threshold limit value for the basic salta 

(but is one twenty-five thousandth of the threahold limit value for Inert metal).' 

Note, this is the concentration In the exhauat Itaelf before any dllutloa with 

ambient air. 

'1967 American Conference of Government/Industrial Ryglenlata 



425 

In order Co gain • bettar pcrapcctlve, let's look at "platlnua 

pollucloo" in another way. The observed platinum lose figures out to be O.OM 

•g per Bile, but there are 200.00 ag per alle of toxic lead salts ealtted froa 

each vehicle using noraally leaded gasoline. This e Bultlplylng factor of 

30.000. 

AliMloa Hiaeiona 

The largest weight loss of alualna which has been observed In the 

50,000 Bile durability tests has aaounted to about 5X of Che original loading 

of the converter. However, In Bost cases Che weight loss is wlchln IZ or lesa 

of Che original loading. For the purpoac of a conaervative calculation, we 

•111 assiae an average loss of 5Z of Che original loading over 30,000 allea. 

Such a loaa would correspond Co sbouc 100 grsas per 50,000 Biles. This corresponds 

Co about .3 Bg of aluBlna per cubic Beter of exhaust. The threshold llalt Value 

for aluBina and other ao-called "inert" or "nuiaance" particulacea la given aa 

15 Bg per cubic aeter.' The threshold llBit value la thus about 50 tiaea 

higher than the BaTlim expected alualna concentration in Che exhausc. By way 

of coapariaon, alualna eaisslon would be Cwo ag per alle and Che lead ealasion 

froa chia saae vehicle would be about 5 Bg par alle even when so-called lead-free 

gisolioe is used, assualng Che proposed asrlaiia allowable lead concenc of 0.05 graas 

gallon for such fuel, or abouC cwo and one-half ciaes as such lead will be eaitted 

as aliaUJia. 

'1967 Aaerlcan Conference of Oovemaent/Induatrial Hygieniats 
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TOMOUOW 

The advent of catalyst* for the control of pollutants froa autoaotlvs 

engines opens the door to exciting opportunities for the future. One of the aost 

promising developnents In this area lies In the field of the self-timing engine. 

In this type of power plant a conventional reciprocating engine Is used In uhlch 

the atr-fuel Blxtore la continuously and autoaaclcally adjusted by a control imlt 

In response to a continuous aonltorlng of the exhaust gas coaposltlon.  It la s 

fortunate fact that the air-fuel mixture that Is nearly optisua for engine performance 

and economy also producea an exhaust gas from which CO, HC and NOx are most easily 

eliminated by catalysts. That is, a single cstalyst bed will remove all three 

of these emlaslons slmultsneously provided their concentrations in the exhsust sra 

held constant by correct air-fuel ratio coatrol. 

This system eliminates the need for an air ptmp,  ezhaost gas recycle 

and other engine modifications for controlling emlaaions. Most Importantly, 

th^ catalyst assumes the responsibility for emission control, leaving the engine 

designer free to adopt any feature that will promote performance or efficiency; 

for example, optimized spark timing. Self-tuning engines as described shove sre 

now In the>:de^[iivtration stage. Testing results show that emission control, 

perfotmsnce and fuel economy are excellent. Preliminary studies Indicate this 

system will save the automobile owner enough In fuel and maintenance to more than 

offset it#l£cremental cost. 
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StmiART 

TODAY'S CATALYST TECHNOLOGY CAH KEDUCE HYDROCARBON AND CARBON MONOXIDE 

aassiONS TO STATUTORY LEVELS, INCREASE GAS MILEAGE AND SAVE MONEY FOR THE MOTORIST. 

INDIRECT BENEFITS 

FDEL PENALTY BASED ON CAR WITH 
HO EMISSION CONTROLS - 1970 BASE 

LEAD COMPOUND EMISSIONS 

HALOGEN EMISSIONS 

EXPECTED MAINTENANCE SAVINGS FROM 
USING LEAD-FREE GAS 

PRE-CATALYST CARS 
1973 AND 1974 

lOX 

200 HG/KILE 
(LEADED GAS) 

100 HG/HILE 
(LEADED GAS) 

LEAD-FREE GAS NOT 
NORMALLY USED 

CATALYST CARS 

S MG/MILE 
(LEAD-FREE GAS) 

2 MG/MILE 
(LEAD-FREE GAS) 

S« PER GALLON 

DIRECT BENEFITS 

TOTAL HYDROCARBON 

REACTIVE HYDROCARBON 

PNAR 

CARBON MONOXIDE 

HOx 

E M I S S I 0 N  R E D U C T I 0 N S 

EXHAUST EXHAUST 
FROM AFTER 
ENGINE CONVERTER STANDARD* 

1.2 G/MILE 0.3 G/KILE 0.41 C/MILE 

0.78 C/MILE 0.15 G/MILE N/A 

0.1 PPM 0.005 PPM N/A 

16.0 G/MILE 2.2 C/MILE 3.4 G/MILE 

3.0 C/MILE 2.7 G/MILE 2.0 G/MILE 

* 1976 INTERIM STANDARD 

M-ITJ O - 74 - »« 
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SULFUR EMISSIONS 

RESEARCH ON SULFUR TRIOXIDE EMISSIONS SHOULD CONTINUE; HOWEVER, EVIDENCE 

TO DATE INDICATES THAT THERE IS HO PROBLEM.  SHOULD UNEXPECTED PROBLEMS OCCUR 

THROUGH RESEARCH IN THE NEXT FEW YEARS, THE OBVIOUS SOLUTION IS TO REMOVE 

SULFUR FROM GASOLINE. 

FUTURE POSSIBILITIES WITH CATALYSTS 

THE SELF-TUNING ENGINE IN COMBINATION WITH A 3-COMPONENT CATALYST 

EMISSION CONTROL SYSTEM FOR POST 1976 VEHICLES OFFERS THREE IMPORTANT BENEFITS: 

1. ENGINE PERFORMANCE AND ECONOMY BETTER THAN PRE-CONTROLLED VEHICLES; 

2. EMISSION CONTROL TO 1977 STANDARDS; AND 

3. PAYING FOR ITSELF THROUGH FUEL AND MAINTENANCE SAVINGS. 

IT HAS BEEN CONCLUSIVELY PROVEN THAT OXIDATION CATALYSTS REMOVE, DIRECTLY 

OR INDIRECTLY, SEVEN KNOWN POLLUTANTS:  HYDROCARBONS, CARBON MONOXIDE, OXIDES 

OF NITROGEN, REACTIVE HYDROCARBONS, POLYNUCLEAR AROMATIC HYDROCARBONS, LEAD 

COMPOUNDS AND HALOGEN ACIDS.  IN ADDITION, THE USE OF CATALYSTS CAN HELP 

PROVIDE PARTIAL SOLUTION TO THE FUEL SHORTAGE.  WE AT UOP BELIEVE THAT THESE 

BENEFITS FAR OUTWEIGH THE MORE RAPID OXIDATION OF SOj TO SO3 WHICH OCCORS IH 

THE ATMOSPHERE ANYWAY.  THEREFORE, THE INSTALLATION OF CATALYTIC CONVERTERS 

SHOULD PROCEED. 
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Saving Maintenance Dollars 

with Lead-Free Gasoline 

D. S. Gray and A. a Azhari 
American Oil Co. 

ALTHOUGH NOT WIDELY RECOGNIZED, the uu of iMd- 
free pioUne uves nwney for motortsu by redudnf the need 
for frequent tepUcemenu of tpulc plugi, mufflcn, md other 
lutomobile hudware expoMd to psoline ti>d iu combustioo 
products. Maintenuice cost uvutgi have been reported infor- 
mally for ytut by individual uaenof a lead-free prcnUum 
psoline nurkeled in the East and South, but only recently 
have reliable data been gathered to quanufy the extent and 
Bgniricancc of such uvinp. 

Since 1966 we have been conducting large-acalc studies to 
determine the difference in maintenance costs for cars oper- 
ated on lead-free as opposed to leaded premium gtsoUnes. 
Over 160 pain of can, matched closely in all mechanical and 
operating vaiiablei except type of gasohne. have been moni- 
tored for type and frequency of maintenance requirerrwnu u 
a function of mileage and age of c«r. The studies include fleet 
tesu carrted out by an independent research organization, as 
well as data collected from a marketing research panel chosen 
to represent a cron lecuon of the ivenge motoring puUic. 
Our retulu to date mow that users of lead-free gasoline realize 
a clear-cut cost advantage that can amount to as much as 
$O.OS/gal over the lifetime of the average car. 

We have also started to collect simflar mileafc and mainte- 
nance data for can using the low-octane, lead-ftec. and low- 
lead gasolines that were first introduced in 1970. Althou^ 
limited, these dau also reveal a maintenance advantife for the 
users of lead-free fuels. 

SOURCES OF DATA 

CXir principal sources of data wen the doaely oontralled 
fleet testa, wfakh invohred a total of 24 cart, and the panel 
survey, which involved 302 can-a sufficiently laiie nuiiibtr 
to permit sUtistical analysis of obaerveddifTercnoet. Byoos- 
trasi. our completed work on low-lead gasolines Involvca ooly 
five can. 

FLEET TESTS - The fleet comprised four can each of tte 
new 1967 and 1968 models of th»e different makes that had 

engine displaoements of 396.390. and 383 in^. respectivvty. 
AU can of the same make and model were equipped with 
identical engines and accessories, and were produced in doa 
succession to minimize the possibility of manufacturing vaaxk* 
tions. All were inspected when received, and such operatiac 
variables as ignition timing and carburetor float level were 
adjusted where necessary to sUndardiie engine operatMo. 

This fleet wu operated by an independent contnct reseasdi 
organization whose employees used the can for commuin^ 
and company business in dty and suburban dnvmg in the 
Chicago area. Within each set of four identical can, two were 
fueled exclusively with the commercially svailable lead-£ree 
premium gasohne, while the other two were fueled with 
various coaunercial leaded premiuni gasobnes. The faeh were 
delivered to the organization identified solely by color cods; 
no information concerning the composition of du conteats 
was provided. 

ABSTRACT- 

Motorists who use lead-free rather than leaded gasolines 
postpone the need to replace spark plugs, exhaust systems, and 
carburetors, and thus save a significant part of their mainte- 
nance dollar. These uvtngs were documented in a four-year 

test with a fleet of automobAcs operated in ctty-subwtaaai 
driving, and in a Hve-year survey of s representative sunfle of 
the motoring public. Savingi on gasoUrw related matniensBoe 
over the lifetime of an avera^ car were about SO.0S/|il !• ife* 
fleet tesu and S0.04/gal in the survty. 
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Car assignments among the employees were rotated daily to 
ensure that all cars were treated similarly over the long run. 
Each car averaged about 7500 miles/year, and prescribed 
warranty fwocedures for oil and filter changes were always 
observed. When fuetrelated maintenance work was required, 
the extractor attempted to simulate the average car owner in 
thai service was performed only upon clearly detectable evi- 
dence that it was really needed. If the trouble was in a test- 
related part, that is, one that was in contact with the gasoline 
before or after combustion, the specific repajn were made by 
an authonzed service garage for the car make involved. All 

invoices for such maintenance work were retained and ana- 
lyzed by the contractor, and monthly reports were submitted 
to summarize the lest results. 

PANEL SURVEY - Motorists for the panel survey were 
selected by a nationally known marketing research firm that 
maintains a nationwide panel of over 90,000 families who are 
used mainly to test and evaluate new products. First, the firm 
sent qualifying questionnaires to the 40.000 panel members 
who live in the states where lead-free premium gasoline is 
sold, asking whether they kept complete records on their can 
and would make this information available. The rvpltes 

^1-1 • Location of pariicipanti in 
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showed ihai many of the panel memben kepi wch records, 
ind (hat users of lead-fTce and leaded gasolines could be 
paired from this population in terms of car year, make and 
model, geographical area, and mileage driven per year. 

As summarized in Table 1, 302 panelists (IS 1 pairs) were 
selected. Fig. 1 shows their geographical diitribuUon. All of 
them were supplied with diaries which they were asked to mail 
back each month. As illustrated m Fig. 2, the diary entries 
covered car identification and operating data, gasoline and oil 
purcliases. and all maintenance, whether gasohne-related or 
not   All invoices for maintenance work were returned with 
the monthly diaries. Throu^out the survey, the marketing 
research finn made all contacu with the panelists, none of 
whom wjs told the purpose of the diahcs- 

Tablc 1 - Diitribution of Cvi in Pane* Sumy 

Number of Can tiy Modtl Yew 

Manufictum 1969 

16 

1968 

70 

1967 

22 

1966 

14 

1965* 

12 

Total 

Gcnen] Molon Cotp. 134 
Ford Motor Co. 14 3S 14 6 6 78 
ChryikT Coip. 6 13 12 2 I 40 
American Uotoci Corp. 4 2 2 2 _ 10 
German rumi 4 4 4 - 2 14 
Other forcicn rtrnu _4 ai _4 ^ ^ -W 

Total can 4a 144 31 34 28 302 

•Irvclurlei four 1964 and torn 1963 can 

EVALUATION OF LOW-LEAD GASOLINES - During the 

winter of 1970-71. five identical cars hiving 350 in^ engiiMS 
were given to our own em(4oycei for commuter driving, rang- 
ing from 8-40 miles/trip, and were rotated daily among drivcTS 
to ensure uniform treatment. Fuels for the test included a 
conventional leaded regular gasoline, a low-lead regular, a 
lead-free regular, a lead-free premium, and a lead-free regular 
to which a lead antiknock compound free of halogen scaverv- 
gen was added at a level to match the low-lead regular. The 
muffler of each car was fitted with a Corrosometer Probe 
(Magna Corp., Sanu Fe Springs, Calif.) near the exhaust pipe 
outlet, and readings were uken daily to determine corrotion 
rales. 

RESULTS AND DISCUSSION 

Results from the fleet tests and panel survey were analyzed 
for the type, frequency, and costs of gasoline-rrlaled mainte- 
nance, including exhaust system replacements (mufflers and/oc 
exhaust pipes), spark plug ref^acenMnts, and servicing of car- 
buretors. Then these data were converted to the corrnnoo 
basis of cost of maintenance/gal of fuel as afTected by type of 
fuel, age of car. and toul accumulated mileage. This appro*cii 
was taken to eliminate any distortions arising from the varying 
number of can and mileages. 

Data from the low-lead study were limited to the extent of 
muffier corrosion as afTected by type of fuel. 

TYPE AND FREQUENCY OF MAINTENANCE - Differ- 
ences between cars operated on lead-free and leaded gasolinet 
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in tcmu of exhaust hardware and spark plug refdaccnwnu ar« 
shown m Table 2 for the fleet tests, and Table 3 for the panel 
survey Overall, such replacements with leaded gasolines were 
oiore than double those with lead-free. 

In the panel survey, the difference between gasoUneiis 
c^wcially apparent for exhaust hardware replacements but 
less so for spark plu^ Evidently, to forestall future problems, 
the average motorist is inclined to replace spark plugs by mile- 
age rather than need. This practice may mininiize the differ- 
ences noted between guoUnes by the general public. It is 
particularly noteworthy that none of the 196S or 1966 cars 
with lead-free gasolines required exhaust system repairs during 
the survey. 

COMPARATIVE COSTS OF GASOUNE-RELATED 
MA1^^'£NANCE - The distribution of gasoline-related main- 
icaancc coats for cars in the fleet tests and the panel survey 
axe shown in Tables 4 and S, respectively. In only three caaes, 
as indicated by the underlined numbers in Table 4, were the 
costs with lead-free gasolines higher than or equal to those 
encountered with leaded gasolines. 

Because of the technique used to obtain data from motorists 
in the panel survey, it was not always possiUe to separate the 
coats of spark plug replacements from thoK of other ignition 
services such as potnls and condensers. Consequently, all 
iyiition maintenance is included under a common heading in 
Table S. The "other" category refers mainly to maintenaiKe 
work on hydraulic valve lifters. 

In aO car year groups, the motorists who used the lead-free 
gootine ipeni much len money for exhaust system and igni- 
tion servicing than the motorists who uaed leaded gasoline. 
The lead-free gasoline also showed a cost advantage reading 
carburetor servicing in the older cars. In the category of other 
engine expenies, the advantage for lead-free gasoline was small 
or nonexistent, except for the 1965 group where a large ad- 
vantage for lead-free gasoline was observed   This category of 
other engine work is important In another tespecl, however. 
If there ts validity to the claims sometimes made that use of 
lead-free gasoline resulu in adverse side effects such as valve 
vat wear, such expenses should have been encountered for the 
older lead-free gasoline cars. That such expenses were not 
encountered reflects the experience of cars operated by motor- 
Bti in the real world, as opposed to the results sometimes 
obtained from accelerated tests. 

An important point is how the overall saving* with lead-free 
psolmes increase with the age of the car. The 1965 or older 

models in the panel survey (Table S) realized a net uvings of 
S0.04/gal. This point is further emphasized when the dau for 
the fleet tests are analyzed as a function of tinw, as summa- 
rized in Table 6. In a 48-month period, the 1967 cars #iowed 
cumulative uvinp of $0.0S6/gal. The 1968 cars, which are 
still on test, show a similar trend. 

In both the fleet lest and the panel survey, gasoline-related 
maintenance costs were relatlvety low during the first two 
yean. Although the use of lead-free gasoUne generally was 
associated with savings during this period, the amount of Ihcaa 
savings was not large. Following the second year, hovwvei, 
the maintenartce coats for the can using lead-free guolirw rose 
only modestly, whereas the maintenance costs for the leaded 
gasoline cars rote significantly. 

The significance of the observed differences in maintenance 
costs is illustrated in Table 7. which summarizes the statistical 
analysis ("t" test and analysis of variance) of the data from 
the panel survey. 

MUFFLER CORROSION WITH VARIOUS GASOUNES • 
The results of our muffler corrosion tests sre shown in 
Table 8. Compared with the lead-free gasolines, both the con- 
ventionally leaded and the low-lead regular gasolines caused 
about ten times as much muffler conoiion. Consequently, It 
appears that a motorist would not receive maintenance cost 
benefits from low-lead gasoline in direct proportion to the 
reduction in lead content. However, the fact that die leaded 
gudine made without halogen scavengers caused only sligfitly 
more corrosion than the lead-free puoluies indicates that 
addk products formed by the scavengers are mainly respoo- 
ilbic for corroding mufflers and other exhaust system hard- 

Tit)k 3 • Exhaust tUrdwtn and Sptik Ptuf ReptaMomts 
Requind in Paaet SNrv«y 

Total Number of Rephoments 
No. of 

ExhiMi Slark nii| SMI 

rain Yeu UuM Laii^rat iMilmi Ladfrn 

24 1M9 t • 
72 IMI M «0 » 1967 1} 1* 
11 19M 9 5 
14 19«S 19 S 

TiMi 2 • Exhaust Hudwm and Spark Ruf RapUccmanu Raqidrad In Flaat Tasu 

Total Ni«>b.<        ToulNunil«ofRq.iao.ma.la 
of Can 

1»«7 
1961 

16 
21 

II 
12 

-One caf wai daatrojrad in an aeeidant. 
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TiUt 4 • Dbtribatlon at UiiatMuaca Com ta FtoM TMU 

Malnwuaci Cotts, C«nu/G«l 

UoM 
Halii 

EUuiut Sfuknv Ckibmur 

Yeu Utlfccl UiltFrae Lndad Lud-Fni LH^d Lnd-Fm 

1M7 A 
B 
C 

4.2 
7.3 
t.3 

10 
11 
1.4 

H 
0.« 
1.1 

03 
U 
01 

14 
o.< 
10 

1.4 

M 
at 

1961 A 
B 
C 

Xi 
4.1 
5.3 

1.1 
0.0 
0.0 

1.9 
I.I 
I.C 

at 
07 
1.1 

1.0 
1« 
0.3 

ai 
ao 

TMa $ • Difttibatkn of MatatMyuioi CotU la f»ml Sun«r 

MatetnatKi C<MU. CmtaA^ 

UoM 
Yeii 

Eihaint Ifillkal Cvbuntot OOm Toul 

Ua(hd Uad-FiM LndM Lud-Fn* Lea did Utdfnc UuM Liul-FlM Ltaded   Lndf m 

1969 ai ao 1.6 1.0 01 ai 01 OO 1.9            I.I 
1961 as 0.0 1.9 IJ 02 0.2 01 ao 17            1.7 
1967 06 0-1 15 12 ai 03 01 ai 4J>            11 
1966 1.7 ao 11 1.9 a3 02 0.0 OO 4.1            11 
1963 1.7 ai 3.4 11 09 04 a9 0.3 6.9           19 

TttaM 6 • Cumulilin Savinf with Time in FlMt Tettt 

Mattiwwno CoiU. C»oU/Gri 

Tabte 7 - Sututkal Anslyia of OtMrr*d Diflcnaai m UanHauof 
Co«t DtU foe tht Puci Sumy 

liod>l 
Dunuon 
OfTMl. LMd^ L.ead-Fne oalmm. ObMmd 

OMDilbnia 
YMI Mo. Cuolna Cuolint tadid- Lad-Frat 

1*67 12 
14 
M 
«• 

ao ao Yw hki LMI* 

13 
5.7 
9.3 

06 
1.5 
3.7 

1.7 
4.2 
S.6 

1969 
1961 
1967 

M 
72 
29 

OOS) 
aoit 
00*1 

070 
a.«s 
OiT* 

!*<« 12 
24 

07 
12 

02 
1.2 

as 
ao 

1966 
1965 

12 
14 

aiM 
ano 0.M 

36 
44 

S.I 
7.0 

1.9 
1.9 

3.9 
S.I AH ISl 0099 0999 

0.04«-aiS3«mk. 

CONCLUSION 

Lead-fre« guolines typiciUy cost ilighUy mort ttun leaded 

gUoUnes, wd a frequenlJy raiud quesuon concemi why a 

ciulomer thould pay this higher price. Our work haa ihown 

(hat the steady use of lead-free gasoline ensures significant 

ovlnp in maintentnce costs. Elinunating the lead antiknock 

compounds from the gasc^ne unquestionably reduces or pott- 

pones the need for exhaust system repairs, spark plug repUce- 

menia, carburetor servicing, and other gasoline-related main- 

tenance. Moreover, no advene side effects such as valve seat 

wear have been observed. 

TaUs I - Conoiioa Ralas in MBRIU TM widi Vntow riinlaii 

TypeofCaaottoe Coooatoa Mfc. •aaa/iOOO ilw 

Conrmttoftaily leaded 
Low-kad 
Lead-Tree r«(ulu 
Lcad-frtc prantium 
Laadcd without tcaventer *«• 
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50.000 MILE STANDARD DURABILITY TESTS 

AND ABUSE DURABILITY TESTS USING 

260 CU.  IN. REACTORS AND PELLETED CATALYST 

Automotive Products oivuion 
UnlvemI Oil Products Company 
24M Oampsier Street 
OeePWnM. Illinois 60016 312-3«1-iaaO 
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50,000 Mile Standard Durability Teats on Catalysts PZ-236 & PZ-217 
50,000 Mile Abuse Durability Tests on Catalysts PZ-217-1 & PZ-255-2 

Suimary: 

Pelleted catalysts PZ-236 and PZ-217, which were tested for 50,000 
miles under standard durability conditions, met the 1975 Federal Standards 
for hydrocarbon and carbon monoxide emissions. 

Pelleted catalysts PZ-217-1 and PZ-255-2, which were tested for 
50,000 miles under abuse durability conditions also met the 1975 Federal 
Standards for hydrocarbon and carbon monoxide emissions.  The abuse testing 
Included periods of misfire, contamination of fuel with tetra-ethyl-lead 
and addition of oil to the fuel to simulate engine oil consumption. 

Discussion - Standard Durability Tests 

In order to carry out a meaningful catalyst development program. It 
is imperative to observe the performance of the catalyst per se, separate 
and distinct from the normsl variability of emissions from an ageing engine. 

To accomplish this end the converter was removed from the ageing 
vehicle at periodic intervals (~A,000 miles) and installed on a standard 
vehicle which was operated and maintained so ss to keep bsse engine emissioas 
reasonably constant.  This vehicle was a standard dealer supplied unit with 
no changes made to it and kept tuned to factory specifications. 

Ageing was done about equally on a road course and on chassis dyna- 
mometers.  Figure 1 shows the procedures used. 

The vehicles were operated using Indolene Clear test fuel (refer 
Figure 2 for fuel analysis). The crankcase lubricant was Super Shell lOH- 
20W-40. 

Keaults; 

PZ-236 is a pelleted oxidation catalyst with a total noble natal 
loading of 18/1000 troy ounces (0.56 grams per vehicle).  The catalyst was 
aged in a 260 in' converter on a 1971, 350 CID Ford without AIR (Air Injection 
Reactor) for 50,000 miles. 

The 1975 emissions are plotted against total catalyst mileage In 
Figure 3 for hydrocarbon and Figure 4 for carbon monoxide. A SUB of the lease 
squares line has been fitted through the data points. 

PZ-217 is also a pelleted noble metal catalyst with a loading of 
72/1000 troy ounces (2.24 grans per vehicle).  The catalyst was aged In a 
260 In' converter on a 1971, 351 CID Ford and a 1972 Chevrolet, 350 CID.  Tha 
converter was 260 In* In bed volume. 
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Results (Continued) 

Graphs lllustrstlng hydrocarbon and carbon monoxide emissions versus 
mileage are Included In the appendix as Figure 6 and Figure 7 respectively. 
Again, a least squares fit line has been drawn through the data. 

Discussion - Abuse Durability Tests 

In this test "abuse" durability conditions were used in order to 
appraise and compare catalyst performance when It Is subjected to abusive 
use. The effects on performance of lead and other additive poisoning, mis- 
firing and simulated oil consumption were investigated. 

Lead contamination was imposed by operating on fuel containing 2.S 
grams lead per gallon.  At about 30,000 miles oil was added to the fuel to 
•liwlate a consumption of 1 quart per 1,000 miles.  This was continued through 
50,000 miles.  The oil that was used was Shell X-100 Multigrade 10U-20W-30; 
it was selected entirely on the basis of sales popularity. The oil analysis 
is shown in Figure 5. 

The catalyst was periodically caused to misfire by disconnecting 1 
or 2 spark plugs. Figure 8 summarizes these conditions including the total 
time of misfiring and temperatures experienced. 

The catalyst was aged under these severe conditions for SO,000 miles 
using a 1973 Chevrolet, 350 CID, equipped with AIR and EGR (Exhaust Gas Re- 
drculation).  Approximately 50Z of the ageing was done on a chassis dyna- 
mometer with the remainder being done on the road (normal mileage accumulation 
procedures were used). 

The test fuels used are Included in the legend on the durability plots. 

Results: 

PZ-217-1 is the same as the previously mentioned PZ-217 which was run 
mder standard durability conditions.  The hydrocarbon and carbon monoxide 
emission plots are shown as Figure 9 and Figure 10 respectively. 

PZ-255-2 is also a pelleted catalyst with a loading of approximately 
50/1000 troy ounces (1.56 grams per vehicle) total metals.  The abuse durability 
procedure was used. 

The sgelng car was a 1973 Chevrolet. Misfire suomary data are shown 
In Figure 11. Figure 12 and Figure 13 show the enisslon data for the 50,000 
•lie test. 

The emission results for PZ-217 are far below the Federal Standards 
after ageing for 50,000 miles. 

A sunnary is included. Figure 14, which lists the weights of the catalysts 
at 0 miles and 50,000 miles. 
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Conclusions: 

These tests have firmly demonstrated that catalysts ara not as fragile 
as often thought.  It was shown conclusively that high temperature and poisons, 
which are the parameters which most often affect catalysts, do not destroy a 
catalyst. By comparing standard durability tests with the abuse durability testa 
It Is concluded t'uat catalysts exposed to hostile conditions are not degraded 
enough to affect their final performance over 50,000 miles using the U.S. 
Federal Standards as the criteria. 
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Figure 1 

AGEING SCHEDULES 

Road Axelng Lap 

Tbtal Average Miles Per Lap 48 Miles 

Ibtal Average Time Per Lap 1.33 Hours 

Average Speed Per Lap 36 MPB 

HulauB Speed '—75 MPH 

I3-Mode Dynamometer Ageing Cycle 

Itode Mode Time Total Time 

Idle 15 Sec. IS Sac. 

I - 37.5 MPH 14 Sec. 29 SM:. 

37.5 MPH Cruise 13 Sec. 42 Sac. 

37.5 HPH - 18.75 MPH 11 Sec. 53 Sec. 

18.75 MPH - 50 MPH 21 Sec. 74 Sec. 

50 MPB Cruise 44 Sec. 118 Sec. 

50 MPH - 25 MPH 17 Sec. 135 Sec. 

25 MPH Cruise 10 Sec. 145 Sec. 

25 MPH - I 8 Sec. 153 Sec. 

Idle 10 Sec. 163 Sec. 

1 - 62.5 MPH 17 Sac. 180 Sec. 

62.5 MPH Cruise 40 Sec. 220 Sac. 

62.5 MPH - I 20 Sec. 240 Sac. 
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FiRure 2 

TYPICAL FUEL INSPECTIOM 

Clear Indolena 

RVF.psl 8.5 

Gravity, 'API %  60 •F 58.5 

Distillation, *F 
IBP 
SZ 
10 
30 
50 

95 
120 
135 
193 
225 

70 
90 
95 
BP 
X Rec. 
Botts. 
Loss 

250 
330 
362 
408 
98.0 
1.0 
1.0 

Sulfur, Vt.X 
ASTM gum, mg/lOOnl 
Induction Period, aln. 
Peroxide No. 

O.OU 
1 

>1200 
0.2 

F.I.A. on C6+, Vol 
Aromatlcs 
Clefins 
P + H 

Z 
38.2 
3.5 
58.3 

Ras. Oct. No. 
Motor Oct. No. 

97.2 
88.2 

Pb, gr/gal 0.011 

f.  gr/gal <0.00S 
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Figure 3 
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Figure 4 
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Figure 5 

TYPICAL OIL ANALYSES 

ZnCaBaPSlNSFb 
Lubricant Wt.ppm    Wt.ppa    Wt.ppa        I        Wt.ppn        % X       Wt.ppn 

Shell X-100 1400        3650       <0.S 0.13     <4 0.076    0.38     <4 
SAE 30 

Super Shell 1500        2300        <0.5 0.17    <10 0.030    0.43      <3 
10B-20W-40 

J9-rT» O - T4 - >9 
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Figure 7 
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Figure 8 

PZ-217-1 
CCD-1272-19 
Misfire Summary 
Bed Teapecacure Data 

PZ-217-1 Misfire Sunnary 

Mileage Tine    Distance 

1371 Sec. 

Taaperatura 
Averaxe 

Temperacura 
Maximun 

1587*F 

f of Plugs 
Disconnected 

13,000 1500'F 

27,819 31 Mln. 1500'F 1800'F 

30,048 40 Kin. 1400»F 1550* F 

3A,219 268 MI.- 1250»F 1600* F 

50,319 90 Mln. U50»F 1680*F 
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Figure 11 

PZ-25^2 
CCM272-18 
Misfire Suamary 
Bed Temperature Data 

FZ-2S5-2 Misfire Sumury 

HileaR*         Tine          Distance 

10,000            1371 See. 

Temperature 
Average 

1280*F 

Temperature 
Maximum 

f of Plugs 
Disconnected 

1370'F 1 

33.801                37 Mln. 1350*F 1430*F 1 

38.121                              252 Ml. 1300*F 1700*F 1 

49,047                90 Mln. M30*F 1480*F 1 
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Figure 1* 

PZ-236 

PZ-217 

PZ-217-1 

PZ-255-2 

Catalyst Gravimetric Data 

Wt. In-fizams Wt. Out-f>raas Reaarks 

1«96 1862 Full & Tight 

1822 1836 Full fc Tight 

U2» 1572 Full & Tight 

1624 1657 Full & Tight 



483 

Mr. ROGERS. Thank you verj' much, Mr. Dunham. 
I think this points up that we need to make a decision and make it 

\-ery quickly. 
Mr. DUNHAM. Yes, sir. 
Mr. ROGERS. Mr. Heinz. 
Mr. HEINZ. Thank you, Mr. Chairman. 
I would like to thank you, Mr. Dunham, and I would also like to 

thank you, Mr. Leventhal. 
I note that in your testimony you both basically agree, with the 

exception of the treatment of NO,. Mr. Leventhal, I believe you sug- 
gested for 1976 a 0.9, a 9, and a 2 with respect to NO, ? 

Mr. LEVENTHAL. Yes, sir. 
Mr. HEINZ. YOU, Mr. Dunham, suggested for 1976 a 0.9, a 9, and 

a 3 with respect to N0» ? 
Mr. DUNHAM. Yes, sir. 
Mr. HEINZ. Could either of you explain the difference in your recom- 

mendation for NOx ? 
Mr. LEVENTHAL. Basically, I was silent on the NO, one, because 

there is really very little difference between the 3 and the 2 in tenns of 
fuel economy. However, if I had to choose and recommend a course of 
action, I would say, since the auto industry is all well along the way 
for 1975 California, for 0.9, 9, and 2 NO,, I would think that would 
be the one to carry over. 

Mr. HEINZ. Mr. Dunham, do you also agree that there would be little 
difference in fuel economy between a 0.9, 9, and 2, and a 0.9, 9, and 3 ? 

Mr. DUNHAM. Yes, sir, I would. The reasons for my suggestion of 
the 3, it is the most difficult of the three to obtain, and I did near some 
substantial expression of concern on the part of the automotives here 
today and previously that they could reliably meet 2 grams per mile 
NO, consistently, under the testing methods that Mr. Cole was talking 
about. 

Mr. LEVENTHAL. I would like to add one thing, Mr. Heinz, if I may. 
My recommendation was that the law not be changed but that if this 
committee felt it had to freeze for some reason, that I would say that 
if you froze, the place to do it is better at 0.9, 9, and 2, which would 
guarantee that the alleged reason that the freeze was required, to get 
the fuel economy, was, in fact, achieved, and not to find out it was done 
in such a way that it was counterproductive to your objective. 

Mr. HEINZ. I am glad you pointed out that. I had not forgotten. I 
was just trying to compare for the record. 

Mr. ROGERS. Dr. Haensel ? 
Mr. HAENSEL. Mr. Heinz, I think the reason for our 3 suggestion 

on the NO, is really that we are hopeful that over a period of time we 
may return to somewhat higher compression ratios, as we are able to 
make more and more unleaded gasoline at the higher octane level, 
which, in turn, will give us a much higher efficiency of combustion. 
And as a result, I think energy wise, we will be better off. And so we 
are merely trading one for the other one, but at the same time we 
realize that we are trying to accomplish both purposes at the same time. 

Mr. HEINZ. Let me ask either of you gentlemen one further question, 
if I may. 
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If you take the existing 1976 standard, the 0.41 and the 3.4 and the 
2.0 for the Federal 49 versus the California interim standard, 0.99 to 
2.0, what kind of a fuel penalty do you envisage between meeting 
those two sets of standards at some future date, let us say, either 2 or 3 
years from now, just based on your understanding of the automotive 
industry ? 

What kind of a fuel penalty are we talking about between those 
alternatives, given a kind of 2- or 3-year horizon 1 

Mr. DUNHAM. We would basically agree with Mr. Train's testimony, 
sir. This chart, if I may hold it up, that he introduced  

Mr. ROGERS. Yes, it was introduced in the record by him. 
Mr. DUNHAM. And I believe that we would support, basically, what 

these numbers would show. In other words, there is  
Mr. HEINZ. A\Tiich is, there is a small fuel penalty for 1976? 
Mr. DUNHAM. That is right. 
Mr. HEINZ. Compared to what we have in the interim 1975 stand- 

ards, but a modest fuel penalty ? 
Mr. DUNHAM. Indeed, sir. 
Mr. HEINZ. Based on your experience, you believe that to be 

accurate ? 
Mr. DUNHAM. We believe that to be a very modest penalty, particu- 

larly in light of the alternatives, because if you do not impose this 
kind of a penalty, then, if you look at the bottom line here, the thermal- 
reactor penalties and the other types of EGR methods used to control, 
then you do have a very substantial fuel penalty in that case. 

Mr. HEINZ. That is a well taken point. 
Let me just ask this. When you say you support Mr. Train's analysis, 

is that based on Mr. Train's analysis or your own personal experience 
in your companies and with the people you work with in the industry * 

Mr. DUNHAM. The latter. It supports the research that we have done 
independently. 

Mr. HEINZ. That is very helpful to know. 
Mr. Chairman, I thank you. I have no further questions. 
I^et me just take this opportunity to thank the witnesses. They have 

been excellent and most helpful. Thank you. 
Mr. ROGERS. Doctor, is there a great fuel penalty going into lead- 

free gasoline? 
Mr. HAENSEL. May I present, or may I refer you, Mr. Chairman, to 

the table that we have submitted with our presentation. 
[Table referred to follows:] 

UNIVERSAL OIL PRODUCTS CO.. DR. VLADIMIR HAENSEL, DEC. 4, 1973 

Barrels 
of crude IMathM 

converted to crude Barrels 
Crude Barrels of other forms barrels gain due 

raqulred (2) needed of energy, required to better Total emrgy 
gain in 
barrels 

barrels In for Internal LPGand for equal efficiency Net gain 
excess of refinery natural gas amount of 100 minus in barrels 

Research ocUne number 100 barrels energy (2) minus (3) driving (5) (6 minus(2) (7) plus (4) 

(1)               (2) (3> («) (5) (6) 0) (1) 

89.5             0 0 0 100 0 0 0 
92.0               .8 .1 .7 95.2 4.1 4.0 4.7 
94.0               1.6 .25 1.35 92.2 7.8 6.2 7.S5 
96.0              3.3 .7 2.6 89.4 10.6 7.3 9.9 
97.0              5.5 1.4 4.1 88.6 11.4 5.9 10.0 
98.0              8.7 2.7 6.0 87.5 12.5 3.8 9.8 
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Mr. HAENSEL. I am sorry that Mr. Satterfield is not here, because he 
has been asking that question. 

This table i-elates to a research octane number, as our first heading, 
and then goes on to the crude requirement above the 89.5 level, and 
then we speak of the barrels needed for internal refinery upkeep; in 
other words, the energy requirement. 

Mr. ROGERS. That they have to accomplish this ? 
Mr. HAENSEI* That is right. 
And then we see the barrels of crude that are converted to other 

products, such as LPG and natural gas, in the course of making the 
higher octane material. 

Mr. ROGERS. Yes. All right. 
Mr. HAENSEL. And then we talk about the relative crude barrels re- 

quired for equal distance of driving. Everything is put on the same 
basis. And then we talk about the oarrels gained due to better effi- 
ciencies. And this better efficiency is due to the fact that you can have a 
higher compression ratio at the higher octane level—and you may wish 
to put down some numbers—that at 92, you have approximately 8.7 
compression ratio, whereas at 97 you will have about 10 or better 
compression ratio. And between these two compression ratios you gain 
something of the order to 10 or 11 percent in fuel economy. 

So that what you really have is that you need more crude to make 
the higher octane gasoline, but you gain more by having to use less 
gasoline because of the higher economy of the driving. 

Mr. ROGERS. Give me that once more. 
Did you get that, Mr. Heinz ? 
Mr. HEIXZ. I think so, but  
Mr. ROGERS. Could you repeat that once more, that last? 
Mr. HAENSEL. OK. 
Now, as you increase the octane number, more crude is required to 

make this higher octane gasoline. 
Mr. ROGERS. Right. 
Mr. HAENSEL. But you less of this high octane gasoline; to a greater 

extent, you use less of it. Therefore, you have a net gain. 
And if you look at the final item, 8, the total energy gain is actually 

tremendous in terms of barrels. And you notice that we peak out at 
about 96 to 97 octane number as our most economical situation. And I 
think this is really a very significant thing, and I am sorry that Mr. 
Satterfield is not here, because I think this is something he would have 
enioved hearing. 

Mr. ROGERS. I am sure he would have. 
Mr. LEVENTHAL. Mr. Chairman, may I add a postscript to the very 

learned explanation, and one thing, and that is that a refinery is 
ba.sicallv a closed loop. You do not lose cnide: vou lose volumes of gaso- 
line, but the other products come off as gases. For example, the last time 
we appeared before yon, when Governor Ix>ve was here. Mr. Nelsen 
was verv concerned with propane for drying the farmers' crops. One 
of the things that you gain is propane, ethane, and other things. You 
have no net loss. 

Mr. HAENSEL. The only net loss vou have here, Mr. Chairman, is 
what is shown in column .S. and at the 97 octane number, you lose at 
the most 1.4 barrels, but the total gain is 10 barrels. 
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Mr. KooERS. I see. For gas. 
Mr. HAENSEL. Exactly. 
Mr. ROGERS. Thank you so much. We are grateful to you for appear- 

ing, and the Chair also states we are grateful to Mr. Heinz from Penn- 
sylvania, as well as other members of the committee. 

The committee now adjourns at 8:03 p.m. and we will reconvene at 
9 in the morning, Mr. Heinz. 

[Whereupon, at 8:03 p.m., the subcommittee was adjourned, to re- 
convene at 9 a.m., Wednesday, December 5,1973.] 
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NEW MOTOR VEHICLE EMISSION STANDARDS 
AND FUEL ECONOMY 

WESNEaOAY, DECEMBBB 5, 1973 

HOUSE OF REPRESENTATIVES, 
STJBCOMMITTEE ON PTJBLIC HEALTH AND ENVIRONMENT, 

COMMITTEE ON INTERSTATE AND FOREIGN COMMERCE, 
Washington, D.C. 

The subcommittee met at 9 a.m., pursuant to notice, in room 2322, 
Rayburn House Office Building, Hon. Paul G. Rogers, chairman, 
presiding. 

Mr. ROGERS. The subcommittee will come to order, please, to con- 
tinue our hearings regarding the Clean Air Act in conjunction with 
the energy crisis. 

Our first witness this morning is the Honorable Richard H. Ichord 
of Indiana. Welcome, Mr. Ichord. Please be seated and proceed as you 
see fit. 

STATEMEHT OF HON. BICHARD H. ICHOBD, A REPRESElTrATIVE 
IN CONGRESS FROM THE STATE OF INDIANA 

Mr. ICHORD. Mr. Chairman, the reality and apparent severity of the 
energy crisis has forced us to stop and reevaluate many of the steps 
we have taken in the name of environmental protection and anti- 
pollution. We ask ourselves if our zeal to solve one problem has led us 
to participate in an even greater problem. 

Specifically, we must ask ourselves how much the installation of 
emission control devices on our cars contributed to the fuel shortage 
now staring us in the face. One of my Missouri constituents informed 
me that he increased his gasoline mileage from 6 miles per gallon to 13 
mile per gallon by having his emission control devices disconnected on 
a 1972 model car. Other constituents have estimated that they have 
saved from 15 to 50 percent by following the same procedure. The three 
major automobile manufacturers range from 5 to 13 percent in assess- 
ing the fuel penalty resulting from the emission control devices in- 
stalled on the 1970 to 1974 models. Each of them admits that these 
estimates are on the conservative side. 

Edward Cole, president of (reneral Motors, in response to questions 
about the reduced fuel consumption brouerht about by emission con- 
trols offered the following information: If four steps were taken in 
removincr some of the emission controls, specifically (1) advancing the 
spark setting, f2) revising the vacuum advance mechanism. (3) re- 
moving the transmission control spark switch fTGS),and f4) remov- 
ing the exhaust gas recirculation system (EGR) this could result in 
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saving as much as 128.6 million barrels of crude oil per year. His figures 
were Based on a 5-percent saving of fuel in the 110 million cars on the 
road that are 1970 models or later. If we estimate a 10-percent saving, 
which seems to be more realistic in view of the accumulated figures i 
have seen, this would mean that we could save as much as 257.2 million 
barrels or crude each year. This would amount to approximately 40 
percent of our daily oil shortage. 

The four steps mentioned by the GM president would leave intact 
certain emission controls including the vapor cannister and the positive 
crankcase ventilation valve (PC v ) which are among the more effective 
pollution control devices on the new model cars. 

We all want the cleanest air possible but this entire area is filled widi 
so many uncertainties and unknowns. In a 1972 report to Congress, the 
Environmental Protection Agency said that health benefits from the 
controls on motor vehicles in effect could not be determined because 
"of an almost complete lack of data" establishing the health effects of 
carbon monoxide, hydrocarbons, and oxides of nitrogen at ambient 
levels. We have also been told recently that while the automobile does 
produce up to two-bhirds of man-made carbon monoxide that nature 
itself produces about 10 times as much carbon monoxide as all the 
industrial and automotive sources combined. Natural sources also pro- 
duce about six times the hydrocarbons and 15 times the oxides of nitro- 
gen that man produces. 

Mr. Chairman the need to pursue both long- and short-term measures 
to invprove and protect our environment is of paramount importance. 
The fuel shortage is real and upon us. It seems reasonable to me that 
we consider relaxing the requirements for emission control devices on 
our cars until we have found some long term solution to our energy 
crisis. 

Thank you Mr. Chairman. 
Mr. ROGERS. Thank you, Mr. Ichord, for sharing your thoughts with 

us this morning. The committee appreciates your concern. 
Mr. IcHORD. It has been my pleasure, Mr. Chairman. 
Mr. RooERs. We arc pleased to have with us this morning Mr. John 

Sawhill, the Acting Deputy Administrator of the Federal Energy 
Administration, Executive Office of the President. 

We welcome you to the committee, and we congratulate you while 
also giving you some of our sympathy in undertaking this job, which 
is not an easy one. However, we know that you will do a good job. We 
will be pleased to receive your statement at this time, sdr. 

STATEMENT OF JOHN C. SAWHIIL, DEPUTY DIRECTOR, FEDEEAI 
EHERGY OITICE, EXECUTIVE OFFICE OF THE PRESIDENT; AC- 
COMPANIED BY BART HOLADAY, DIRECTOR, OFFICE OF ENERGY 
DATA AND ANALYSIS, DEPARTMENT OF THE INTERIOR; AND 
JOHN FALLON, CHIEF, SPECIAL STUDIES DIVISION, OFFICE OP 
ENERGY DATA AND ANALYSIS 

Mr. SAWHIIJ.. Thank you very much, Mr. Chairman, members of the 
committee. I am happy to be here this morning because this is a very 
important matter we are discussing, and I hope we can make a contri- 
bution to it. 
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I think just by way of perspective, that when the Clean Air Act was 
?>assed in 1970 to establish rigid auto emission standards, it basically 
ocused on one problem—^that is, air pollution—and I believe very 

strongly that wc must maintain momentum toward this important goal 
of reducing air pollution. I also think that it is essential that we recog- 
nize some other vital priorities, one of which is efficient use of energy 
resources. Therefore, 1 think, as I said at the outset, it is very timely 
that your subcommittee has decided to address this subject and its 
impact on energy. 

Sir. ROGERS. I might interrupt just to ask you to introduce /our 
colleagues for the reporter. 

Mr. SAWHILL. Yes, sir, two gentlemen from the Department of Inte- 
rior, Bart Holaday and John Fallon. 

Mr. ROGERS. We welcome you gentlemen to the committee. 
Mr. SAWHIIX. Thank you. 
I would like to point out there is a certain amount of uncertainty 

surrounding some of the information that bears on the relationship 
between controls on automobile-related pollutants and petroleum re- 
quirements. Agencies of the executive branch are working to develop 
better information and resolve differences in order to provide a rational 
basis for decisionmaking in this area. 

In my statement this morning, I am going to briefly address three 
topics: First, our current estimates of the shortfall of petroleum prod- 
ucts ; second, the potential energ>' impact of modifying pollution con- 
trol systems on existing cars; and third, alternative emission standards 
for 1975 and future model automobiles, including the impact of lead- 
free gasoline on petroleum requirements. 

PETROLEUM  SHORTFALL 

First the petroleum shortfall. We have done a lot of talk about this 
recently. We know that gasoline requirements are about 36 percent of 
the total oil demand; essentially all of this gasoline is used by cars, 
trucks, and buses. Any increase in efficiency of gasoline usage, there- 
fore, can have an important effect on our overall energy picture. 

Current Interior Department estimates * are that the total petroleum 
product deficit in the first quarter of this year will be about 3i/^ million 
barrels a day. The gasoline deficit will be about 700.000 barrels a day, 
or 11 percent of the imrestrained gasoline demand; in other words, 
the demand that would have taken place in the first quarter of 1974 
had we not had the Arab embargo. If a proposed refinery shift to 
produce less gasoline and more heating oil and residuals is adopted, 
and we believe it should be, the shortage of gasoline will be about 
1.400.000 a day, or 21 percent. It will be necessary to reduce the use 
of private automobiles by about 24 percent and the use of business and 
Government vehicles by 15 percent to achieve this overall 21-percent 
reduction. 

If an embargo continues. shortfaPs of roufrhly the same magnitude 
are likelv to persist for the remainder of 1974 and 1975. 

So that kind of gives us a backdrop of the problem we face in the 
gasoline area. 

' "Thp Tnipiict of dl IntprraptloriR on U.S. Energy D«age." Department of the Interior, 
Offlce of Energy Data and Analysts, NOT. 21, 1973. 

19-172 O - 74 . JO 
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BmSTING  CARS 

Preliminary estimates have been made by several automobile manu- 
facturere, and work is underway in several Federal agencies, to deter- 
mine what improvements in fuel economy could be achieved by 
modifying and retuning engines on existing cars that are equipp^ 
with emission control systems. More work is needed on this issue. How- 
ever, the president of one automobile manufacturer stated that about 
half the mileage lost due to emission control systems could be recov- 
ered. The amount of recovery would vary from one model and year 
car to another. But if this estimate is correct, there could be a 4-percent 
increase in fuel economy for the 1970-74 car fleet, assuming that pres- 
ent driving patterns are maintained and that adjustments are made by 
competent mechanics. 

This action could save 100,000 barrels of gasoline a day at current 
consumption levels if implemented at once. This is about 15 percent of 
our estimated shortfall. However, exhaust emissions would increase as 
the engines are retuned for better fuel economy, and overall hydro- 
carbon emissions would increase one-sixth and carbon monoxide by 
one-quarter. This may be too high a price to pay for better fuel econ- 
omy, and I think it is. 

FUTURE   CARS 

Now, let us look at future cars. Dramatic improvements have been 
made in the control of automotive emissions in tlie past decade. The 
current 1973-74 model cars emit less than one-third as much carbon 
monoxide and hydrocarbons per mile as the pre-1968 cars, for the 
oxides of nitrogen. Industry and EPA estimates indicate that there 
has been as much as a 35-percent reduction. 

There are a number of alternative approaches to the emission stand- 
ards that could be adopted. They range from no controls for the 1975 
model cars to adoption of the 1975 statutory requirements. 

I would like to just discuss three of these possibilities: First, that 
the present 1973-74 standards be maintained through the 1975 model 
year; second, that the 1975 interim standards be maintained beyond 
1975, perhaps through the 1976 and 1977 model years; and finally, that 
the 1975 statutory standards be imposed in the 1976 model year. 

If the present 1973-74 standards are maintained for an additional 
model year so that auto companies are not forced into making another 
major change in emission controls, they would have time to concentrate 
on improving fuel economy. We have tried to obtain estimates of 
potential savings but have no hard data at this time. Representatives 
of two automobile companies have indicated that improvements in fuel 
economy of at least 3 percent could be obtained in 1975 over current 
levels if the 1973-74 standards are continued through 1975. Such a 
3-percent increase in fuel economy would apply to about one-tenth of 
the car-miles driven and would result in savings of about 10,000 barrels 
per day averaged over the first year. This savings would triple if main- 
tained for a second year, assuming no further product improvement. 
So that is the first alternative in the way we assessed the energy fact 
of that. 

A second alternative is to allow the 1975 interim standards to stand 
beyond 1975. The 1975 interim standards require reductions of hydro- 
carbon and carbon monoxide emission levels to approximately one- 
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half of the previous year's levels. This means that cars meeting 1975 
interim standards would produce about one-sixth as much of these 
pollutants as uncontrolled cars. The maximum allowable levels for 
oxides of nitrogen in the 1975 interim standards are the same, as you 
know, as in the 197.V74 standards. 

The fuel efficiency changes associated with the emission controls 
necessary to achieve interim 1975 standards are uncertain. General 
Motors estimates that their 1975 catalytic converter system would per- 
mit a 13-percent improvement in fuel economy over 1973 model cars. 
However, it should be recognized that part of the improvements in 
fuel economy predicted by General Motors is due to changes such as 
high energy ignition systems, new carburetors with precision metering 
control, and steel-belted radial tires. We do not yet have specific data 
on the amount of the improvement that is attributable to tne presence 
of the catalytic converter alone, but it could be less than one-half of the 
13 percent. 

The interim 1975 standards for California require the use of catalytic 
converters on most domestically produced cars. In addition, auto manu- 
facturers have indicated that catalysts would be used on many of their 
cars sold in other States. This is important from an energy \newpoint 
because cars equipped with catalysts must use lead-free gasoline. There 
is a considerable crude oil penalty requirement associated with the 
manufacture of lead-free gasoline in the refinery. The impact of 
changing to lead-free gasoline affects all facets of the pi-oduction and 
use of gasoline. Of course, this is another factor that has to be brought 
into the equation. 

Unleaded gasoline requires greater process severity to produce 
higher octane materials: This results in a net loss in gasoline yield 
per barrel of crude. To produce lead-free gasoline at the required 
octane level will reduce the yield in the range of 1 to 3.5 percent. 

One important point from the above is that the projected net in- 
crease in fuel economy due to the catalyst will be offset in large part 
by the crude penalty associated with the manufacture of lead-free 
Ssoline. In other words, I said that we would achieve—General 

otors estimated this—13 percent. If you take out all of the other 
factors, the factors not associated with the catalyst, that cuts it down 
to less than half. And then when you take out the lead factor, you are 
down to very little fuel savings. 

In addition, it should be recognized that the production of unleaded 
gasoline requires the use of other substitute additives, such as aromatic 
hydrocarbons, benzene. The aromatic content of unleaded gasoline is 
expected to average 6 percent greater than that of leaded gasoline. 
Thus, 6 percent more aromatics are required. All or part of this quan- 
tity reduces the feedstocks available to the petrochemical industry. We 
are receiving indications from the petrochemical industry that feed- 
stock shortages are becoming severe. 

There may be a further penalty associated with the use of catalysts 
because of the possible health hazards associated with the accelerated 
formation of toxic sulfates. If catalysts are used and it is concluded 
that sulfates must be reduced, the primary alternative being considered 
at this time is to remove sulfur from gasoline. This would involve an 
additional fuel penalty of up to 2 percent of crude. 
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Summarizing all the above points with respect to the 1975 interim 
standards, it appears that the total fuel savings related to the use of 
these standards will range between 1 and 4 percent in terms of barrels 
of crude. Assuming that 10 percent of the total car-miles are driven by 
new cars, this savings will be between 8,000 and 32,000 barrels of crude 
per day averaged over the whole year. For a second year, these numbers 
will triple. 

The third alternative is to introduce the 1975 statutory standards in 
1976. Under this alternative, the allowable emission levels in 1976 
would be approximately one-quarter of the 1975 interim for hydro- 
carbons and carbon monoxide. EPA has proposed setting a NO, 
standard of 2.0 grams per mile for 1976, a reduction from the 3.1 
grams per mile 1975 Federal interim standards. This requires increased 
circulation of exhaust gases and involves a fuel penalty. The fuel 
penalty associated with these changes has been estimated by General 
Motors to be more than 15 percent. This may be an unacceptable fuel 
penalty in order to further reduce emissions by this amount. 

The introduction of catalytic reactors to remove emissions is a con- 
troversial subject because of the implications of the requirement that 
no lead can be used in the gasoline. Other concepts, such as stratified 
charge engines, while still under development, do not have this no-lead 
requirement which therefore allows the use of lower clear pool octane. 

In summary, from the standpoint of eflScient use of our energy re- 
sources, several conclusions might be reached: First, the 1973-74 stand- 
ards should be frozen for several years if the fuel savings realized 
from the use of catalytic converters are more than offset by the crude 
penalty associated with the removal of lead from gasoline. Second, the 
1975 interim standards should be extended for several years if (a) 
the potential fuel savings estimated for the catalvsts are realized or 
(6) the fuel penalty associated with moving in 1976 to the 1975 statu- 
tory standards is as high as it has been estimated by some automobile 
industry representatives. Three, the 1975 statutory standards should be 
adopted for 1976 if the fuel penalty turns out to be small or if the 
reduction in emissions is important enough to justify the fuel penalty. 

I fully recognize that we must balance our encrgv and our environ- 
mental objectives. Based upon the presentations and analyses available 
to me at this time, I conclude: 

First, that the extension of the 1975 interim standards to model year 
1976 and 1977 optimizes the balance between the obieotives of reducing 
energy consumption and reducing atmospheric pollution; and second, 
additional study should be made of the possibility of freezing the 
1973-74 standards. 

Thank you, Mr. Chairman. 
Mr. ROGERS. Thank you very much, Mr. Sawhill. 
I might say to the committee tha* Air. Sawhill has to be at the White 

House for a Cabinet meeting, so if we can question as quickly as pos- 
sible, it would be helpful. 

Mr. Satterfield. 
Mr. SATTERFIELD. Thank you, Mr. Chairman. 
I would like to invite your attention to page 9 of your statement. 

You are summarizing fuel savings due to the standards and you are 
talking about the 1975 interim standards. You say the range would be 
between 1 and 4 percent. 
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Would you explain to me how you get that 1 to 4 percent ? 
Mr. SAWHILL. Yes. 
Mr. FALIXJN. This is a very optimistic estimate of the savings. Sev- 

eral people, automotive people, would feel there would be a net loss 
resulting from going to the 1975 interim standards. However, to be on 
the side of conservatism, we have taken this value. 

The way we have reached it is this. Assuming basica:lly that not all 
the 13 percent claimed by Greneral Motors use of catalytic converters is 
actually due to use of the catalytic converter, we have used a figure 
here oi about 6 percent. Of that 6 percent, we feel that the worst case, 
1 percent, may be offset because of the requirement to use a nonleaded 
fuel. There is also basically some sulfur penalty. We do not know what 
that figure is at the moment. 

If, on the other hand, the lead penalty, the penalty to provide no- 
lead fuel is as high as 4 percent, we are reaching toward the lower 
range here. 

Now, it might be fair to say, in fact, that other auto manufacturers 
feel that it is a standoff. There is no savings due to the use of these 
catalytic converters. 

Mr. SAWHILL. So basically we took the 13 percent; from that we sub- 
tracted 6 or 7 percent because we feel that those savings could be 
achieved anyway, regardless of the catalyst, things like radial tires 
and other things. We have then arrived at a figure of 6 or 7 percent. 
From that we subti-act the lead savings, which ranged between 1 and 3 
percent  

Mr. SATTERnELD. I follow that, but what I am interested in is why 
did vou pick General Motors and ignore the other two ? 

Mr. FALLON. We picked Greneral Motors so that any conclusions that 
we reached as a result of this would be on the most optimistic estimates. 

Mr. SATTERFIELD. Well, do you think that is a proper way to go 
about it? General Motors does not produce 100 percent of the auto- 
mobiles. 

Mr. SAWHILL. NO ; they do not. We are really trying to give you a 
case about which there could be very little argument. 

In other words  
Mr. SATTERTIELD. I think there is a great deal of argument. 
Mr. SAWHILL. Yes. 
Mr. SATTERnELD. You pick 13 percent. Your premise is subject to 

argument. 
Mr. SAWHILL. Well, maybe we are not expressing ourselves very 

well. The 13 percent numl>er was picked to show the committee that 
even if you picked the most optimistic fuel savings, it still did not 
appear that there was much savings. 

Mr. SATTERnEiJ). Yet you are willing to make your final decision on 
that basis, are you not, when you say finally that you believe an exten- 
sion of the 1975 interim standards would be acceptable. 

Mr. SAWHIIX. NO. I said on the basis of the information available 
to us now, that appears to be the best approach, but we are also sug- 
gesting that we and the committee take a careful look at the possibility 
of freezing the 197.3-74 standards. 

Mr. SATTERFIELD. I>et me ask you this question. 
When you talk about a penalty for nonleaded gasoline, you are 

talking about a penalty in the crude oil barrel, are you not? 
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Mr. SAWHILU Yes. 
Mr. SATTERFIELD. IS the 1-percent penalty there offset by a 1-percent 

increase in gas consumption in the automobile ? 
Mr. SAWHILI^. I am not quite sure I follow that question. 
Mr. FALLON. NO ; it is not directly offset one for one. 
Mr. SATTERFIELD. All right. That what did you subtract as far as 

this penalty is, from the 6 percent of whatever you came up with to 
arrive at this 1 to 4 percent in terms of penalty ? 

You did not offset percentage for percentage, did you ? 
Mr. FALLON. NO. 
Mr. SATTERFIELD. YOU weighted the percentages ? 
Mr. FALLON. OK, what we did, sir, is take the most pessimistic esti- 

mate and the most optimistic estimate. 
Mr. SATTERFIELD. I realize that, but were you taking a percentage 

penalty—they say there is a 3-percent penalty in the barrel. You were 
saying that this 3 percent is equivalent to a 3-percent savings in the 
automobile ? 

Mr. FALLON. Well, there are two approaches to this. One is that even 
though at the present time one barrel of crude produces maybe 45 per- 
cent of a barrel of ga.soline, the remaining 55 percent is not lost to the 
country. 

Mr. SATTERFIELD. I am not talking about that. We are talking about 
the percentage of savings by putting a catalytic device on an auto- 
mobile. We say we are going to save fuel, that is, fuel which runs from 
the tank of the automobile, it is an increase over its present rate. 

Mr. FALLON. Yes. 
Mr. SATTERFIEI^D. If that increase in mileage is 1 percent, is that the 

same thing as a 1-percent penalty in a barrel of crude to produce non- 
leaded firasoline? 

Mr. FAUX)N. Basically at this point in time, if we had, say, a deficit 
of 1 million barrels of gasoline a day, we would have to import in the 
margin 1 million extra barrels of crude, because at the margin the re- 
finery can make small enough changes to account for this slight shift. 

Another wav of looking at it—and I suspect this is what you are 
getting toward—it mav be argued that if we had a deficit of an extra 
million barrels of gasoline, one would have to import 2 million barrels 
of crude. 

Mr. SATTERFIELD. What T am getting at is if somebody claims you 
are going to increase the mileage in gasoline consumption in an auto- 
mobile by 1 percent, is that 1 percent equivalent in numbers of gallons 
to the 1-percent penalty there is to make nonleaded gasoline from a 
barrel of crude; is the volume in the total amount of erasoline the same ? 

Mr. SAWKH^L. I think there are two answers to that question. If you 
are short 1 million barrels of easoline a day  

Mr. SATTERFIELD. All right, I give up. Apparently you do not get 
my point. 

Let me put it this wav. I get 10 miles a gallon in my automobile and 
I increase my efficiency 1 percent. I am saving 1 gallon a mile 

Right? 
Mr. SAWHILL. Yes. 
Mr. SATTERFIELD. IS that 1 gallon a mile going to offset the 3-percent 

penalty it costs to that barrel of crude to produce the nonleaded ga.so- 
line that I ran through there ? 
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Mr. FALLOX. Not at 3 percent, sir. 
Mr. SATTERFIELD. Well, we have got some testimony that says it is 3 

percent. 
What percent do you think it is ? 
Mr. SAWHILL. Well, I think the issue was the 1 percent and the 3 

percent would not offset each other. 
Mr. SATTERFIELD. Well, 1 percent or 3 percent, are we talking about 

the same quantity on the one hand that we are talking about in the 
other ? 

Mr. SAWHILL. NO. We are talking about—it is twice as much. 
Mr. SATTERFIELD. Did you weight, then, the figures that you  
Mr. SAWHILL. NO ; these figiires are not weighted. 
Mr. SATTERFIELD. Then the 1 to 4 percent could be off as much as 50 

percent then. 
Mr. SAWHILL. Yes. 
Mr. FALLOX. However, 3'ou would receive the benefit of the extra 

residuals in that case. 
Mr. SATTERFIELD. But not for gasoline. 
Mr. FALLOX. Not for gasoline. 
Mr. SAWHILL. Not for gasoline, but if we look at our problem this 

winter, the immediate problem which most concerns me, it is not only 
gasoline that is in short supply, but it is all of the other products as 
well. Again, we are trying to show the committee that even if you make 
some very liberal assumptions about—and lean in the environmental 
direction, it still appears that at least you would want to freeze the 
1975 interim standards and maybe go beyond that. I think that is the 
point we are trying to make. 

Mr. SATTERFIELD. Yes. 
I have some other questions, if we have any more time, 

Mr. Chairman. 
Mr. ROGERS. All right, Mr. Nelsen. 
Mr. NELSEX. Referring tq the optimistic General Motors estimate of 

13 percent, with which Ford and Chrysler did not agree, now are you 
really saying that Ford and Chrysler were more nearly on mark than 
Greneral Motors? 

Mr. FALLOX. We did not, in fact, address ourselves to that question. 
However, the numbers that were available to us are that Fora feels it 
is a standoff. The catalyst does not of itself produce any increase in 
efficiency. 

Mr. ROGERS. Well, now, if I may interrupt there, the testimony from 
Ford yesterday was a 3-percent benefit. Chrysler feels it is a  

Mr. FALLOX. Pardon me. Yes; I am confused, sir. 
Mr. SATTERFIELD. I would like to correct that, Mr. Chairman. Chrys- 

ler says they can inci-ease bv 3 percent if you do not go to the 1975. 
Mr. SAWHILL. That is wliat we said, too. That is the point that we 

made in this testimony; yes, sir. 
Mr. ROGERS. Well, they said the catalyst was a standoff. 
Mr. NELSEX. I note you are speaking for the Executive Office of the 

President, and you deal with the total energy problem, do you not? 
Mr. SAWHILL. Yes. 
Mr. NELSEX. Today we are talking about just the automobile, but 

you deal in other areas. 
Mr. SAWHILU Yes. 
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Mr. NELSEN. I just want, for the purpose of the record, to call atten- 
tion to something that came to my attention yesterday. There is a 
powerplant—and I think it is in Maryland, up in the mountains, far 
away from population centers, on top of a coal bed. Petroleum fuel is 
being transported to tliis plant, ignoring the coal, and all day long 
a train of trucks is going in there supplying the kind of a fuel that we 
need to heat our homes and to make our gasoline products, while the 
deposit of coal is ignored. I wish the Agency would review some of 
the savings that could be made by harnessnig our coal natural resource, 
and, of course, I assume responsibility for what has been done because 
we passed the law that you are trying to administer. 

So, do you have enough flexibility in your authority to, say. make 
use of this coal and save the petroleum products for other uses? 

Mr. SAWHILL. We cannot force utilities to switch from oil to coal. 
We will strongly suggest that they do. We have identified 26 utilities 
in which we are going to urge to switch. In the emergency energy 
legislation we have asked for this authority and we hope that tne 
Congress will give it to us. 

If you could tell me the name of that particular plant, I would like 
to know. 

Mr. NELSEX. Yes. I have the feeling now that this turn to the pe- 
troleum products from coal has been because of laws we pass and 
requirements that we create here. So my question is: Do we give 
enough authority to let them convert back to coal if they wish to do 
so, or do you need more authority by law to do it ? 

Mr. S.\w^HiLL. We need more, authority and I think we have asked 
for that. 

Mr. NELSEN. Thank you very much. 
Mr. SAWHILL. I would like the name of that plant, though. 
Mr. NELSEN. I will get it. I do not have it at the moment, but I will 

get it. 
Mr. S.\wHiLL. Fine, because we want to find all plants like that. 
Mr. ROGERS. Mr. Preyer ? 
Mr. PREYER. I have just one question, Mr. Chairman, and I wish 

you luck, Mr. Sawhill. You have a very tough job ahead. 
Mr. SAWHILL. Thank you. 
Mr. PREYER. BPA apparently feels that it would be an unwise public 

policy to relax our goals for 1976 and 1977, without more data, because 
we should keep the pressure on for a clean environment. 

I think the great virtue of the Clean Air Act, although there are a 
lot of mistakes in it, probably is that it has put tremendous pressure 
on the automobile industry and hel[J€d inspire these dramatic improve- 
ments which have been made in the past decade that you cite on page 4, 
and I think we do not want to lose that thrust of the Clean Air Act. 

Mr. Train suggested that in line with this we should wait until this 
spring before making a final decision on carrying the interim 1975 
standards over for 1976 and 1977 models. 

Do you have any comments on the wisdom of that suggestion ? 
Mr. SAWHILL. It seems to me—and I am not an expert on the auto- 

mobile industry—^that you have got to give the automobile manufac- 
turers a little more lead time than waiting until next .spring. I would 
think you would have to come to a decision more quickly than next 
spring. The automobile companies that I have talked to have told me 



467 

they need more lead time. They need a decision now, not a decision 
later. 

On the other hand, 1 agree with Mr. Train that we want to keep the 
momentum going. We already have achieved some very significant 
reductions in emission limitations. I think the environmental move- 
ment does have a strong impetus behind it and we do not want to lose 
that, but I personally do not believe we would lose that by adopting 
the course that I have outlined here. 

Mr. PRETER. Thank you. I appreciate that, Mr. Sawhill. 
Mr. ROGERS. Dr. Carter ? 
Mr. CARTER. Thank you, Mr. Chairman. 
I believe the three motor companies testifying here yesterday stated 

that it would be impossible for any of them to reach the 0.41 NOx 
standards of 1977. 

Do you agree that they are right about that ? 
Mr. SAWHILL. I have not really made a detailed study of it. I have 

talked to them and I have heard their statements on it. They seem 
reasonable to me, and I think EPA has also indicated they feel that 
would be very difficult. 

Mr. CARTER. But yet they want to relax the standards. 
Mr. SAWHILL. Has EPA not talked about going to a 2-percent level ? 
Mr. CARTER. NO, sir. 
Mr. ROGERS. I think they have. 
Mr. CARTER. They may have talked about it, but they did not say 

it here. 
Mr. ROGERS. I think they have. 
Mr. CARTER. Well, 1977 standards, .41. 
Mr. ROGERS. That is right, 1977. 
Mr. CARTER. They recommended to continue as we are, did they not ? 
Mr. ROGERS. Except for NOx- 
Mr. SAWHILL. Except for NOx- 
I think there is an imderstanding of that. 
Mr. CARTER. Well, it may be in the record. 
Mr. ROGERS. I do not thmk they went into that particular item when 

we discussed it with them. 
Mr. CARTER. The more efficient the engine is, actually, in burning CO 

and hydrocarbons, the more efficient the engine is, tne more of NOxi 
nitrous oxides are emitted. It constitutes quite a problem. After we 
reach the 1975 levels, there will be an increased penalty of gasoline in 
reaching these standards. 

Is that not correct, the NOx standards? These will be increased in 
amount ? 

Mr. SAWHILL. Yes. 
Mr. CARTER. And already we have increased the gas penalty by our 

EPA legislation greatly. 
Is that not correct ? 
Mr. SAWHILL. Yes. 
Mr. CARTER. It was refreshing yesterday to have an automobile 

dealer, one who is where the action is and gets the reaction of the 
people, to testify before this committee. He stated, which I commonly 
hear from citizens, that Congress has made a serious mistake in going 
too far too fast. 

Suppose that we do accept the 1975 standards. Well, General Motors 
said there would be approximately 13-percent fuel gain. 
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Is that correct ? 
Mr. SAWHILL. That is what they said, yes. 
Mr. CARTER. Even with such a ^ain as they say, will we obtain as 

much mileage from our cars as we did in 1971 ? 
Mr. FALLON. NO, it does not quite get back—oh, 1971, sir. 
Mr. SAWHILL. It does not get back to 1968. la 
Mr. FALLON. It does not get back to 1968. It does, in fact  
Mr. CARTER. Does exceed 1971 ? 
Mr. FALLON. Yes. 
Mr. CARTER. Thank you, Mr. Chairman. 
Mr. ROGERS. All right, Mr. Symington. 
I might say I am going to try to get every member here a question 

or two if we can. We do not have much time left. 
Mr. SYMINGTON. Thank you, Mr. Chairman. 
I think this is a very fine statement. It has put a lot of things in 

perspective. There are still questions you neea to get answered for 
yourselves as well as us. 

Mr. SAWHILL. Yes. 
Mr. STMINGTON. If it comes down to the question of whether to go 

with the freeze of the 1973, 1974, or to go to the interim 1975, that 
seems to be the only real option. 

Mr. SAWHILL. That is a question in my own mind that I have not 
quite resolved and I am trying to. 

Mr. SYMINGTON. With respect to the freeze, 1973-74, you have a 
very rough estimate of 10,000 barrels a day. 

Mr. SAWHILL. That is based on the 3 percent. 
Mr. SYMINGTON. Yes. 
And you do not have an estimate yet for going ahead with the 1975 

interim standards, on page 7, you are not sure you have  
Mr. SAWHILL. Well, we said 1 to 4 percent, but as Mr. Satterfield 

pointed out, there are some problems with that estimate. 
Mr. SYMINGTON. Yes, and of course it is also connected with the 

catalytic converter. You are factoring that possibility into the interim 
1975. 

Mr. SAWHILL. Yes, that is correct. 
Mr. SYMINGTON. And you point out that in addition to every-thing 

that has been discussed about the production of unleaded gasoline, 
you are going to lose 6 percent aromatics that would otherwise be 
available to the petrochemical industries. 

Mr. SAWHILL. Yes, that is terribly important. 
Mr. SYMINGTON. I think that is vital, too. I think that is extremely 

important because they are already showing signs of instability and 
concern. 

Mr. SAWHILL. Yes, we are very concerned about the petrochemical 
industry. It is a very vital industry in the country. 

Mr. SYMINGTON. And I guess we still look to you, I think we do 
have to resolve this, Mr. Chairman, you know, in the next couple of 
we«ks or so, and we are going to look to you for last-minute advice as 
to the net advantage of catalysts as projected for the interim 1975 
standards. 

Mr. SAWHILL. Yes. You know, I am one day old in my job. We are 
hard at  

Mr. SYMINGTON. Let me say, I hope you keep it now because we had 
Mr. Dibona here a week ago and he made all kinds of promises to us 
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that he would deliver yesterday and he disaippeared in the meantime. 
So  

Mr. SAWHILLU Well, I hope I can do better. 
Mr. ROGERS. Thank you. 
Mr. Hastings. 
Mr. HASTINGS. Thank you, Mr. Chairman. 
Mr. Sawhill, you used the word "uncertainty" on page 2, and I guess 

you probably echo what this subcommittee probably strongly feels. 
Mr. SAWHILL. Yes. 
Mr. HASTIXGS. I will not recite the litany of differences that have 

been recited to the committee between the automobile manufacturers, 
the petroleum people, and the catalytic converter people who all^ of 
course, have a peculiar area of vested interest, but your conclusions 
are, it seems that we should then adopt the 1975 standards for 1976, 
1977. 

Mr. SAWHILL. Yes. 
Mr. HASTINGS. And yet you still say that we ought to take a look at 

1973-74 standards. 
Mr. SAWHILU Yes. 
Mr. HASTINGS. We are under ceitain pressure to move rather quickly 

since there are some who feel we should amend the Emergency Energy 
Act with this amendment to the Clean Air Act. 

Mr. SAWHILL. Yes. 
Mr. HASTINGS. This is supposed to be concluded in full committee hv 

this Friday. 
The concern that I have is that if we do in fact go to the 1975 stand- 

ards for 1976-77 by an amendment to the Clean Air Act, then perhaps 
a careful analysis of whether or not we should go back to 1973 or 1974 
may be academic. 

Mr. SAWHILL. Yes, it would be. 
Mr. HASTINGS. Since the very problems you raised, the questions in 

relation to unleaded gas or leaded gas, as I understand it. the auto 
manufacturers would have had to proceed with the converter. 

Mr. SAWHILL. Yes. 
Mr. HASTINGS. Therefore, that question of the study of 1973-74, as 

I mentioned again, could be very well academic. 
Could you enlarge on that ? 
Mr. SAWHILL. I guess the way I feel is that one of the most impor- 

tant things is to make a decision and to take the uncertainty out of it. 
I think by freezing the 1975-76 standards for the period through 1977, 
{'ou give the industry a chance to spend a few years adjusting to this 
evel. 

Mr. HASTINGS. Well, all right, I understand that. 
Now, then, do you think we should do this by an amendment to the 

Emergency Energy Act that the full Committee on Interstate and 
Foreign Commerce is now considering marking up ? 

Mr. SAWHILL. Well, I think it depends on how certain you feel about 
the differences between 1973-74 and the 1975 interim standards. 

Mr. HASTINGS. AVell, that raises an awful lot of questions. 
Mr. SAWHILL. It does raise a lot of questions. 
Mr. HA.STINGS. Thank you vei^ much. 
Mr. ROGERS. Dr. Roy ? 
Mr. ROT. Thank you, Mr. Chairman. 
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I am sorry I arrived late and I have not had a chance to read your 
entire statement. 

Is there any question in your mind that all three automobile manu- 
facturers can meet the 1975 interim standards? 

Mr. SAWHILL. Oh, I think they can; yes. 
Mr. ROY. SO the question of leaded or nonleaded gasoline looms 

larger to you tlian the question of the ability of the automobile manu- 
facturers to meet the interim 1975 standards. 

Is that correct ? 
Mr. SAWHILL. Yes. 
Mr. ROY. ^Miat communications—again in 1 day you cannot answer 

this—do you anticipate between EPA and the Office of the Energy 
Administrator? 

Mr. SAWHILL. I think a great deal of commmiications because we are 
working on a common problem. 

Mr. ROY. DO you have any explanation why somebody, some- 
place, in the W'Tiite House asked that the interim 1975 standards be 
continued for 1976 and 1977 without consultation with the Director 
of EPA? 

Mr. SAWHILL. I do not know if he was consulted on the specific 
request, although he was generally informed of the White House 
position. 

Mr. ROY. He testified before us that he had not been consulted 
regarding that decision. 

Mr. SAWHILL. Well, maybe he personally was not, but the Agency 
was. 

Mr. ROY. Well, apparently he was unaware that the Agency had 
been consulted, so perhaps you are suggesting the communications  

Mr. SAWHILL. Maybe there is a difference between consulting and 
advising. 

Mr. ROY. You think the communications gap was within EPA rather 
than between the ^Vhite House and EPA ? 

Mr. SAWHILL. NO, I do not think so. Maybe it was just a semantic 
problem. I think EPA was advised that the White House was con- 
sidering proposing to the committee an amendment to the Clean Air 
Act that would be either 1973-74 or interim 1975. 

Mr. ROY. Right now you feel that Mr. Train's recommendation to 
us is not acceptable ? 

Mr. SAWHILL. Well, as I understand it, his recommendation to you 
was that you study this, that you consider it outside of the Emergency 
Energy Act, but he has not gone as far as to suggest to you what course 
to adopt. 

Mr. ROGERS. Yes, he did suggest no change. 
Mr. SAWHILL. OK. Yes, I would say no change would be unac- 

ceptable from our standpoint. 
Mr. ROY. Thank you. 
Mr. ROGERS. Mr. Heinz ? 
Mr. HEINZ. Thank you, Mr. Chairman. 
And I would like to ask a question in two areas, one with respect to 

the aromatics you mentioned on page 8, the other with respect to sul- 
fur and sulfates on page 9. 

^Miy are more aromatics required to make unleaded gasoline, to 
raise the octane level ? 
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Mr. FALiiON. Yes. The aromatics, the benzenes, and the toluenes 
intrinsically have a very high octane number, and by adding them to 
the unleaded lower octane pool  

Mr. HEINZ. IS it possible to raise the octane of unleaded gasoline by 
increased tracing ? 

Mr. FALLON. Up to a point, sir. 
Mr. HEINZ. What is that point ? 
Mr. FALLON. It depends very much on the refinery. I think it is fair 

to say that if we were designing a refinery from scratch, some refineries 
that are already in existence, they can in fact produce these high octane 
imleaded pools without excessive use of aromatics. 

Mr. HEINZ. What is a high octane, unleaded pool in research octane ? 
Mr. FALLON. In research octane, RON number, you get as high as 94. 
Mr. RooERS. May I interrupt just 1 minute before you proceed? 
Mr. Sawhill is going to have to leave us. Is there any vital question 

you have to have, Mr. Hudnut ? 
Mr. HuDNUT. I wanted one. He could probably answer it in about 

2 minutes. 
Mr. ROGERS. All right, if you could do it quickly, if you do not mind, 

John, and then we will keep the others here to go into these details, 
if you can be with us. 

Mr. HoLADAT. Certainly. 
Mr. HuDNUT. I just wanted to ask if you were aware of the amend- 

ment that was adopted by the full committee yesterday relative to 
the Federal Energy Administration, and if so, does the administration 
support this amendment ? 

Mr. SAWHILL. I have not read the language. I have just heard by 
hearsay that this is an amendment. 

Mr. ROGERS. I think perhaps if he could give us his comment for 
the record on that after he has an opportunity to study that it would 
be helpful. 

[The information requested was not available to the committee at 
the time of printing—April 1974.] 

Mr. HEINZ. Mr. Chairman, before Mr. Sawhill leaves  
Mr. SAWHILL. It is important. We do not want this Agency to be 

set up as an independent regulatory agency outside of the executive 
branch. It is terribly important that this be in the executive branch 
and in the administration because we are going to have to utilize the 
recourses and the agencies of the whole administration. 

Mr. ROGERS. Well, I think we should try to keep the air for the 
moment. 

Mr. HEINZ. Well, before Mr. Sawhill leaves, and this is a question 
that relates to air, are you aware. Mr. Sawhill, that yesterday there 
was an amendment accepted that I happened to oppose, that essentially 
gets the conversion portion of the bill ? 

Mr. SAWHILL. The conversion ? 
Mr. HEINZ. Section 104 of the Emergency Energy Act. 
Mr. SAWHILL. I am not familiar with it. 
Mr. HEINZ. Essentially, it means that you cannot take any action 

under 104 of the bill. I suggest that you take a look at it. 
Mr. ROGERS. You might give us your comment on it. 
Mr. CARTER. It is a planning part of it. 
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Mr. ROGERS. YOU can give us your comment on it. I presume you 
will give it to the full committee. 

Mr. SAWHILL. Yes. 
[The information requested was not available to the committee at the 

time of printing—April 1974.] 
Mr. ROGERS. Now, let me just ask one question as you leave. 
Mr. SAWHILL. Yes, sir. 
Mr. ROGERS. What would you think of fuel economy performance 

standards ? 
Do you think we should require them ? Fuel economy standards, in 

other words, to say the automobile companies should make their cars 
in such a way that they can get a certain number of miles to the gallon. 

Mr. SAWHILL. Yes, 1 think it is an excellent idea. 
Mr. ROGERS. YOU support that. 
Thank you, Mr. Sawhill. We are grateful for your being here. 
Mr. SAWHILL. Thank you. Excuse me for having to leave. 
Mr. ROGERS. John, you may proceed. 
Mr. HEINZ. Thank you. 
You had mentioned, I believe, the high octane pool of 94 percent 

octane and research octane. Are you aware that you only need 91 per- 
cent octane for most vehicles ? 

Mr. FALIX)N. Yes. I^t me just amplify the remark I was making. 
The current octane pool, lead-free octane pool, is about 88, 89. That 
could be raised with a 1-percent penalty to 91. It can be raised to 94 
with a 4-percent penalty. No plants could reach that 94 with less of a 
penalty because they are specifically structured with performance to 
do that. 

Mr. HEINZ. Thank you. I think that answers my questions on the 
section. It is very helpful. 

With respect to sulfur, sulfur is not something that is in a catalyst. 
As I understand it, it is something that is in gasoline as a result of it 
being in crude oil. 

You indicated on page 9 some concern about the sulfur in gasoline. 
Why do you believe that the sulfur that is in gasoline is any more 
hazardous after it goes through a catalytic muffler than it is when it 
goes through today's exhaust pipe ? 

Mr. FALLON. Excellent, excellent question. Basically what the cata- 
lyst does, is essentially accelerates the oxidation process that normally 
occurs with sulfur, what comes out of the exhaust of the normal car is 
sulfur dioxide, and in time, maybe 20 minutes after it is emitted from 
the car, normal oxidation process, which occurs slowly, will have 
occurred and it will be turned to sulfur trioxide. In the presence of 
moisture, this will become sulfuric acid, which  

Mr. HEINZ. That is with respect to present tailj^ipes? 
Mr. FALLON. Yes, sir. Now, and in fact, because it takes 20 minutes 

to occur or so depending upon the ambient temperatures  
Mr. HEINZ. SO in 20 minutes you get sulfuric acid from existing 

technology. 
Mr. FALLON. Wliich is spread over a very large diffuse area. 
Mr. HEINZ. OK, but it is diffused. OK. 
Mr. FALLON. NOW, in the catalytic case, which is an oxidizing cata- 

lyst, this oxidation process occurs virtually instantaneously and what 
comes out is a sulfur trioxide or a sulfate which in fact on a moist 
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day can issue almost neat from the exhaust as sulfuric acid; and 
thereby you have a concentrated source of sulfuric acid, which may 
well be a serious problem. EPA is advising us on this. 

Mr. HEINZ. If you use 10 to 13 percent less gasoline in the 1974 
models as GM has testified, do you presumably generate 10 to 13 per- 
cent less either sulfur dioxide or sulfur trioxide ? 

Mr. FALLOX. Yes; and depending on which of GM's cars we take, 
for instance, it will be essentially the same number except that if it is 
a catalyst-equipped car, it will come out in a concentrated form; if 
it is the normal type of car, it will be diffused over a large area before 
in fact it turns into sulfuric acid. 

Mr. HEINZ. Thank you, Mr. Chairman. 
Mr. ROGERS. Mr. Hudnut ? 
Mr. HxTDNTJT. No, sir, in the interest of time, thank you, I will defer. 
Mr. ROGERS. I want to publicly make a statement about the members 

of this subcommittee who have been working hard and diligently all 
year long. The demands have been very heavy, and T want to com- 
mend and thank them publicly for their great interest, attention, and 
dedication to their jobs. 

Mr. HASTINGS. We feel the same way about you, Mr. Chairman. 
Mr. ROGERS. NOW, let me just ask quickly, because we have one more 

witness, why should we always think in terms of increasing car mileage 
per gallon of gas rather than going to the problems that really bring 
the fuel penalty? 

Why do you not suggest a limitation on weight of cars, or doing 
away with air-conditioners for a year, or other such things that really 
could bring some quick, fast fuel economy ? 

Mr. HoLADAT. I agree completely. 
Mr. ROGERS. Well, now, give us something on that. 
Mr. HoLADAY. The reason we did not, it was our understanding we 

were asked to testify on  
Mr. ROGERS. I understand, but it seems to me here everybody wants 

to say, "Lets take everything away and dirty up the air." Yet, they 
do not face the problem where we could really bring some fuel ecomony 
by doing something about weight, automatic transmission, air-condi- 
tioning, and other things in this area. 

Do you think we should do that ? 
Mr. HoLADAY. Mr. Chainnan, I hope that is not what you thought we 

said, because we certainly did not intend that. 
Mr. ROGERS. All right, then. I want you and Mr. Sawhill to put in 

the record what you think we ought to do, and have Mr. Sawhill, too, 
as far as weight, and air-conditioners. We would also like to know 
what fuel economy that would bring about. 

Mr. FALLON. We have discussed this with them, sir. 
Mr. ROGERS. Do you not think this is a good idea ? 
Mr. FALXON. Yes; we just did not want to spread the scope of this 

investigation too far. 
Mr. ROGERS. Well, we had better spread it because we have got to act. 
Mr. CARTER. Mr. Chairman, on that theoretical basis it is quite clear 

that the extension of 1975 interim standards to model year 1976 and 
1977 optimizes the balance between the objectives of the use and the 
energy consumption in reducing atmospheric pollution. 
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Mr. ROGERS. What I am saying is they are not addressing the weight 
problem or any of these others which really have an effect on fuel 
penalty. 

Mr. HoLADAT. It certainly does. 
Mr. SYMINGTON. Would the Chairman yield there ? 
Mr. ROGERS. Yes. 
Mr. SYMINGTON. The transmission, too. They suggested the standard 

transmission saves maybe 6 percent or something like that. 
Mr. ROGERS. Get us what can be saved and let us know. Could we 

do that quickly ? 
Mr. FALLON. Yes, sir. 
[The information requested was not available to the committee at 

the time of printing—April 1974.] 
Mr. SATTERFEELD. Would the chairman yield again ? 
Mr. ROGERS. Certainly. 
Mr. SATTERFIELD. I would like to back up the statement by the gen- 

tleman here. I do not want to interpret anything that was said here 
this morning to suggest that we go back and take any antipollution 
devices off of automobiles. The retention of 1974 standards would not 
take anything off. It would leave on the automobile what you have on 
it right now. We are talking about whether they are going to put some- 
thing else on. 

Mr. ROGERS. Well, it is not going according to the law to clean up 
the air. 

Mr. CARTER. Mr. Chairman. 
Mr. SATTERFIELD. It isn't going to dirty it either. 
Mr. ROGERS. Yes; it will dirty it. 
Mr. CARTER. Mr. Chairman, if you would yield for just one thing. 
Mr. ROGERS. Certainly. 
Mr. CARTER. Actually, we are to increase the efficiency of the motor, 

which we all want to do, and save gasoline. We know that that creates 
a problem with NOx, and according to the testimony of a vast maiority 
of the people who have testified before us, including the gentleman 
from MIT yesterday, you cannot have them both. You cannot have 
increased mileage, increased efficiency without having increased 
amounts of XOx- Of couree I know that some other analyste did testify 
to that. 

MT. ROGERS. Yes. 
Mr. FALIXJN. That is a matter of debate, sir. There are certain devel- 

opments which may be 1, 2, or 3 yeare away, such as stratified charge 
engine. And if the claims we hear for it are true—and the Japanese 
company, Honda, is currently introducing it—these engines do, in 
fact, restore the high compression ratios we have been accustomed to, 
hence the concommitant efficiencies to go with them. They also run 
on  

Mr. HuDNUT. Mr. Chairman, would the chairman yield for a 
minute? 

Mr. ROGERS. If you would put something in the record on that. 
Mr. HuDNUT. When they insert that in the record I wonder if they 

could also address themselves to the pressure that the automobile pro- 
ducers seem to be under from DOT to produce a heavier car in order 
to make it safer. 
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Mr. ROGERS. Well, of course; it would have to be the discretionary 
area where they could reduce weight, and if you could point it out, 
I think it would be helpful. 

Mr. HuDNTJT. I appreciate that. 
Mr. CARTER. Correction, Mr. Chairman, on one thing. 
Mr. ROGERS. Yes. 
Mr. CARTER. Although we referred to the stratified charge engine 

as Honda, it was developed at Stanford University actually. 
Mr. FALLON. Exactly. I just read the article the other night. 
Mr. ROGERS. Thank you for being here; we appreciate it. And if 

you will get in the comments we asked for as quickly as possible, it 
would be helpful, because I would like to have this record printed. 

Mr. SATTERFIELD. Mr. Chairman. 
Mr. ROGERS. Yes; and if anyone has questions they would like to 

submit, that would be fine, too. 
Mr. SATTERFIELD. At this point I understand that the Public Works 

Committee in the Senate contracted a study by Dr. Samuel Epstein 
that deals with lead and lead additives in the gasoline. I wonder if 
we might not inquire as to whether that report is available over there; 
and if so, we could include it in the record here. 

Mr. ROGERS. Yes. Would the staff check that report, please. 
[Testimony resumes on p. 529.] 
[The text of the Epstein report referred to follows:] 

19->7> O - 74 - Jl 
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I. ENVIRONMENTAL LEAD BURDENS FROM LEADED GftSOUNE 

A. U.S. Consumption of Leaded Gasoline 

U.S. consumption of lead gasoline additives has Increased from 37,000 

to 262.000 tons over the period 1935 to 1968 (1).   During this time there has 

been a proportional, besides absolute. Increase In the consumption of lead 

in gasoline In relation to total lead consumption; In 1968, gasoline lead 

accounted for approximately 20% of all lead used In the U.S. 

B. Environmental Bnlsslons from Leaded Gasoline 

The major source of emissions from leaded gasoline is exhaust partlculates, 

which when sub-micron in size, remain primarily suspended and airborne, and 

when larger, particularly greater than ^,settle as dust-fall.   Dust-fall partl- 

culates are likely to become re-entrained and secondarily airborne following 

grinding by traffic and weathering;however, this secondary source of airborne 

lead does not appear to have been generally considered.   Additional sources of 

airborne lead are from lead aUcyl gasoline additives, from both evaporative 

losses and spillages, especially around service stations, and from exhaust 

emissions of unpyrolysed alkyls.   Alkyl emissions can be |>artlcularly high In 

poorly tuned cars starting cold and fully choked and can result in transient 

concentratlcms of up to S mg/m^ (2).   Lead alkyls are rapidly degraded in air 

to inorganic lead.   Such alkyl losses are generally Ignored in most Inventories, 

particularly because of analytic problems.   In this connection, it was stated 

in the "Three Cities Study" that "...   alkyl lead concentrations did not reach 

10% of the inorganic lead values and probably were considerably less" (3). 

The estimate that Inorganic lead emissions from gasoline combustion 

constitute 98% of total emissions from major specified sources (4) is commonly 
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misquoted as referring to the percentage of total environmental sources.   As the 

specified sources are only partial — Ignoring such sources as weathering and 

combustion of lead iKOducts, municipal Incinerator effluents and external 

venting from manufacturing plants — It appears Ukety that the 98% flgtu-e Is an 

over-estimate, although this ignores Incremental contributions frooi alkyl leads. 

A more reasonable estimate for the contribution of mobile source lead is in the 

region of 90% (S). 

Besides alkyl losses, used engine oil has not received adequate con- 

sideration as a potential source of environmental lead.   Only approximately 

2S% of used engine oil can be currently accounted for (5).   High mileage 

studies suggest that approximately 11% of lead burned is retained In oil and 

oil filters; additionally, used oil contains approximately 30 ppm of benzo(a)- 

pyrene (5).   Thus, combustion of used oil in stationary sources, such as Incinera- 

tors and coke ovens, quite apart from Improper waste disposal into sewage, 

represents significant Increments in environmental lead burdens. 

C.       Environmental Burdens from Leaded Gasoline 

A wide range of ecological data indicate that burdens of available lead in 

the biosphere have recently Increased; leaded gasoline combustion is generally 

incriminated as the major source for such an increase.   Isotope analysis has 

been used to differentiate natural from industrial sources of lead. 

1.       Glaciers 

Studies on chronological layers of sncw strata In quiescent ice sheets 

in Greenland Indicate a rise in Ice lead concentrations from less than 0.0005 

;igAg In 800 B.C. to greater than 0.02^gAg in 1965 A.D. (6); a steep 

exponential rise occurred after 1940 following increasing use of leaded gasoline. 
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2. Water 

Lead concentrations In some surface waters In the Mediterranean and 

Pacific have recently Increased to levels of 0.2 to 0.35/ig/kg, In contrast to 

pre-industrlal levels of 0.02 to 0.04^gAg (7).   Mean global natural lead 

content of lake and river waters Is estimated to be 1 to 10>ig/l   (8);   however, 

recent analysis of 1,500 samples from natural water sources near treatment 

plants revealed that 27 samples were In excess of U.S. acceptable limits for 

drinking water of SO^g/l    (9).   The contribution of emissions from outboard 

motors using leaded gasoline has not been Investigated, although it is known 

that a 10 hp engine at one-half throttle emits approximately 229>ig lead/1 of 

gasoline (U). 

A correlation has been demonstrated between gasoline consumption and 

lead rainfall concentrations, with median and maximal concentrations of 10 and 

300>ig/l, respectively (11).   Lead is removed from air by agglomeration and 

precipitation and its residence time is calculated to vary from 7 to 30 days (12). 

3. Plants 

Chronological Increases In lead concentrations of Swedish mosses, which 

mainly obtain their minerals from precipitation and settled dust, from 1875 to 

1900 and from I9S0 to 1968 have been related to Increased combustion of coal 

and to the use of leaded gasoline, respectively (13); on a national basis in 1968, 

combustion of coal contributed approximately only 0.5% of cited lead emissions (4). 

While soil lead is generally poorly available to most plants (14), vegetation and 

grass growing close to highways may become contaminated with surface deposits 

which may produce an Increase In lead body burdens of grazing cattle; such 

deposits can be partly removed from vegetation by washing.   Various studies have 
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demonstrated carrelations between concentrations of lead In grass with prpxtmlty 

to highways and with concentrations of lead In air (15, IS). 

4. Spll and Street.Dust 

Exclusive of areas near deposits of lead ores, the natural concentrations 

of soil and lead range from 2 to 200 pg/g, -as a function of geological factors 

(IS).    Lead contaminates soil bom dust-fall and rain-fall.    For this reason, 

surface soil lead levels are markedly increased in commercial as opposed to 

residential areas and with increasing proximity to highways with high traffic 

density (17).   Lead levels ilso markedly decrease with depth from the surface. 

Concentrations of lead in surface soils of city parks may be very high, reaching 

3.4 ing/g in Los Angeles (18).   The concentration of lead in street dust can also 

be very high; average concentrations in residential and commercial areas of 77 

mid-western cities were 1.6 and 2.5 mg/g, respectively. 

Grinding and weathering of street dust may result In Its partial te-entralnment 

as airborne partlculates.   Additionally, leaded street dust can enter sewage systens 

and contaminate ground waters (19). 

5. Atinospherlc_I^d 

Natural background concentrations of lead in air are estimated as approxi- 

mately 0.0005 ^g/mg3 (20), resuItlng from airborne dust averaging 10 to IS ppm 

of lead and from gases diffusing from the earth's crust.   There is a steep gradient 

in atmospheric lead concentrations from major urban centers, the concentrations 

generally depending on city size, to rural areas and to air over the mid-Pacific 

where concentrations are more than 100-fold lower than in urban centers (21). 

This gradient Is very largely due to combustion of leaded gasoline.   In 1968, 

atmospheric lead emissions in the U.S. from combustion of leaded gasoline were 
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181,000 tons In contzast to only 985 tons frooi smelting (4).   Ambient lead con- 

centrations in city air are closely correlated with traffic density and with heavy 

traffic hours; highest levels of lead In Los Angeles reach 38>ig/m^, whcroas 

mean midday levels downtown are lO.S^g/m^ (3).   Progressive dilution of 

atmospheric lead Increases with distance from highways.   The 'Three Cities 

Study' of 19S1 to 1962 revealed that general urban concentrations ranged from 

1 to 3^g/m^, with the highest concentrations in each city ranging from 6.4 to 

11.4>ig/m^ (3).   More extensive National Air Sampling Network (NASN) monitoring 

of 217 urban stations in 1966 to 1967 revealed annual mean concentrations of 

l.ljto/ni ; however, samples averaged quarterly by individual sites yielded 

values up to 19/ig/m^ (22).   Contrastingly, non-urban stations near cities averaged 

0.21 >ig/m'', in remote rural areas they averaged 0.022 yg/m'', and In intermediate 

locations they averaged 0.096^g/m3. 

Analyses of annual trends in atmospheric lead concentrations have yielded 

somewhat contradictory results, presumably, because of sampling and analytic 

problems.   However, recent studies in San Diego, where measurements were 

based on weekly samplings at a single site besides on 1959 and 1966 NASN yearly 

averages of 1.1 and 1.8 ^g/m^, respectively, indicate that lead concentrations 

In the city air are increasing by as much as 5% annually (23).   Additionally, 

more extensive preliminary data in the 'Seven Cities Study' of 1968 to 1969 

(24) Indicate Increases In average air lead concentrations for Los Angeles, 

Philadelphia and Clncinnattl of 56%, 19% and 17%, respectively, over the values 

recorded in the 1961 to 1962 'Three Cities Study*. 

Dispersion of lead from emission sources and atmospheric residence times 

are largely a function of particle size.   Particles greater than i^ in size tend 
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to settle as dust-fall relatively rapidly, whereas particles less than 1 yt tend 

to remain suspended as alrtxxne lead.   The Mass Median Equivalent Diameter 

(MMEO) of lead particulates has been studied using various techniques.   MMED 

values of 0.25>i, detennined by the Goetz spectrometer, have been reported for 

59 urban sites (25).   An Identical weighted MMEO average of 0.25>i has been 

derived from the data of 5 Independent litvestigations on ambient urban air (26). 

More recent and more extensive estimates indicate an MMEO range for ambient 

lead of 0.2 to 1.43>i (27); 59% to 74% of the mass of lead particulates in this 

study were less than 1 >i in diameter. 
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II.   pcrmrriAL APVUSB HMLTH eiTgCTS wow OOMUSTIOII OT LEADED GASOLIME 

Incraaslag Icvala of ImmA  partlculAtc flialona resulting froa coi^uatlcm of 

leaded gaeollne represent a slfnlflcsnt aejor Increaent In arallable lead burdens In 

the biosphere (see Section IC). This Increased burden say poee sdrcrse public health 

affect*I particularly to Infanta and young children. In densely populated urban areas 

vlth heavy sntcaoblle traffic. The potential cri—iiilty hexards of airborne leed hare 

been recently su^wrlzed la an EPA Dociannt (1), with particular reference to the 

Justification of the recent fuel additive regulations reducing gasoline lead levels 

(2, 3); iihlle the EPA docuaent hss, oo varioua grounds, been vigorously challenged 

(t-6), its objectives sppcar consistent with available data and vlth prudent public 

health policy* 

A. Potential Lead Intske fro« Cc^ustlon of tesded Caaollna 

1.  Inhalation 

The role of Inhalation la well recognized aa the predoaloant route of 

ocenpational cxpoeure, reaultlng In Increaaed body lead burdens sad In acute and 

chzoalc lead poisoning (7).  It la also recognixed ea a cauae of Increaaed blood levels 

in children living In the vicinity of lead aaeltlng planta (8) and in timnel attendanta 

and traffic policcaen expoeed for prolonged periods to autoaobile eaissicma (7). With 

regard to coiBunity exposures froa sutoaobile ealssloos, the potential respiratory 

intake of lead exhanat particulates la highly variable, reflecting factora Incloding 

aslant airborne lead levels and air volnae Inhaled. Aasuaing aablent air conccntra- 

tlona of 2.5 n/tc,  the asdian value for Loe Angeles as deteralned in the "Three Cltlea 

Study" (9), and a daily Inhaled voliae of 6 • for e one year old child, then a lead 

air intake level of IS lig/day will be achieved (10) ; Infants living downtown and cloae 

to traffic corridors, where aii>lent air lead can reach levela lO'fold higher than 2.S 

|ig/a^. Hill have correspondingly higher inhaled lead burdens. It has been calculated 

that for an adult Bale doing light work for 8 hours a day and inhaling approxlaately 
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23 • of air dally, altbongfa cbla mlia* aay mil b« aa ovcr-aatlaatc, tfaara will ba 

a correapondlng, bnt praiiortloiiataly, aaallar Intaka of 57 ug/day (10). 

Thara ara various Indepandcnt lines of avldancc Indicatlag that calaalona of 

alrboma lead* reaultias fnm coabuation of leadad gaaollne, locraaae body burdena 

of lead, as Indicated by Incroaaad blood lead levels, racognlzing thst these levels 

principally reflect only recent exposures. While each line of evidence is In itself 

not entlxely condoslve, and aoae aay even be debatable, the overall coastellatloa 

data Is sufficiently supportive, if not entirely conduaiva, to warrant pzude&t public 

health policies designed to aarkadly reduce aixboma lead saiaalona froa gaaollaa 

coafcustlon. 

    The "Seven Citlea Study" Indicatea that blood levala of adult fsanlas living 

in urban areas with higher lead levala are conslatantly higher than blood levela in 

adult fcaales living in suburban areaa (11). 

    Adult wowen living in hoaaa close to roads with dense traffic have higher 

blood lead levels than those living at greater distances (12). This "roadmy study" 

la particularly significant aa air lead aeaaurewenta ware alao wade at the front porch 

and inside the howes. Although sir lead levela in howea cloae to roads were only 

1 to 2 ug/a higher than those further away, theae higher exposure levels correlated 

with higher blood levela. Illuatratively, the nuaber of wowen living 12 feet away 

froa roads with blood levels greater than 29 ug/lOO g was signlficsntly greater than 

such nuabers in woaen living 125 and 400 feet away.  Inferencea froa this "roadway 

study" appear aore reliable than those froa the "Seven Cities Study", where aessure- 

•enta of airborne lead were aade at varloua air saapllng stations which in soae 

Instances were at a conalderable distance froa the population cited. The laportance 

of sailing site is streased by recent findings thst lead concentrations at 1.5 aetcra 

above the ground are twice those st 20 neters (13) ; this suggests that levels of 

lohalstion Intska by young children have been significantly under eatiaatad. The 
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nanlta of this early "roadway atndy" have bean recently eonflraad la a group of 

5,226 children In Jew Jersey (14). Aa Indicated In the following table, a striking 

correlation was dcaamatrated between blood lead levels and praclMlty to roadways; 

•hlle coodltlooa of housing were not specifically Inreatlgated, these children 

lived In generally alsdlar nelghhorhooda. 

Z Of Children with Blood Lead Levels In 
Specified SsnKea, lig/lOOg 

Distance froa Roadway (feet) < 40 40-59 > 60 

< 100 42.6 49.3 a.i 
100 - 200 72.4 24.2 3.4 

> 200 68.4 26.9 ».7 

"Cltywlde Expected Values" 65.1 29.9 5.0 

Additional correlations wars observed In 1,265 of thess children, aa Indicated In the 

following table, between blood lead levels sad traffic denalty. 

Z Of Children with Blood Lead Levels in 
Specified Bsnges. UK/IOOR 

Average Weekday Vehicle Density 
(Iluiri>er Cars) < 40 40-59 > 60 

< 24,000 

> 24.000 

58.3 

37.9 

36.6 

51.3 10.8 

    Air and blood lead levels were shovn to be generally correlated In taxi drivers 

and in other ad\ilt groups, soae occupationally eicposed to outonoblle exhaust (15); 

air exposure levels were measured by personal oonltors. 

    Elevated blood lead levels were found in children attending school in areas 

with higfher air lead levels in contrast with blood lead levels In school children 

exposed to lower air levels. The differences in air levels In this study were, how- 

ever, relatively saall (16); for this reason, dust-fall lead nay also have been 

incrlMlnated, especially as peeling paint was not considered to be a problem in the 

area cited. These findings were confirmed In additional studies of 230 rural children 
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and 272 chUdTcn froa an urban ghatto (17). Approxlaataly 2SZ of tha uibao children 

had abnoiaal blood lead lavala, greatar Chan 40 Mg/lOOg, coaparad to laaa than lOZ of 

rural ehlldran. Evidence of acceaalble hacarda frca leaded paint could only be 

found In 60Z of uibas children with elevated blood levela. 

——   Elevated levels of urinary coproporphyrlna have been reported In school children 

aged S to 7 In the vicinity of saeltlng plants and a peifter factory In the DSSB (18) . 

Children exposed to aablent air lead levels of 2.5 iig/n^ and 1 vg/a'' had 8 hour 

urinary excretion levels of 10.5 ug and 8.2 ug. respectively. In contrast vlth 6.5 |ig 

excretion levels In control children exposed to sir lead levels below 0.01 Wg/a . 

Elevsted blood levela In children residing near a aaelter In El Paso, Texas, have alao 

been recently described (8). Approxlastely 90Z of children froa 1 to 5 years had 

blood lead levela over 40 ug/lOOg. The role of dust fall was suggested by street dust 

lead levels ranging froa 4,000 to 5,000 ug/g; while airborne lead was highly elevated 

near the plant, 100 to 300 Ug/a^, approxlastely 75Z of the lead was considered non- 

resplrsble. Hore recently, there have been prellalnsry reports of elevated body burdens 

la children living In downtown Toronto close to lead saeltlng plants (19, 20). Aablent 

sir lead levels of 5.5 vg/n , ranging up to 18 wg/a , have been reported st Bruce 

Public School, spproxlaately 100 yards froa the Csnads Hetals saeltlng plant In Toronto. 

Of 600 children In this school, 49 hsd blood lead levels greater than 40 yg/lOOg.  Freeh 

window dust levels In houses within 100 ysrds of the plant of up to 5X lead have alao 

been reported; high blood lead levels hsve also been reported In adult realdents. 

There have been several additional reports of Increaaed leed body burdens In chlldrea 

and adults residing In the vicinity of lead saeltlng plants (21-24). 

    Studies of huaan volunteers continuously exposed to spproxlastaly 3 Mg/a of 

airborne lead In controlled chaabers deaonstrstcd snail but significant Increases In 

blood lead levela (25). These Increaaed blood lead levela were coaparable to those 

found In iinasu living nsar well travelled roads In the "roadway study" (12). 
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    Hie results of both roadmy studies (12, 14) end the controlled cbeaber study 

(25), In genersl, cooflra the iBf>llcetlons of the Goldsalth-Bezter regression 

eqostlon (26) relstlng chsnges In sreragc blood lead levels of vsrlous groups to 

their ezpoeure to staosphsrlc lead. While there sre various probleas relstlng to the 

quantitative use of this rsgresslon equation, lAdudlng ststlstlcal eethodologj, the 

coiV°*lt* nature of the data used and the estlaated rather than Bcssured sir lead 

expoeuree, the equstlon Is generally considered to deaonstrste thst sverage blood 

lead lanrsla In population groupa will Increase am  a function of increased air exposure 

levels at any level of air lead (1). 

—-   Occupstlonal exposure to Inorganic lead occurs predoalnsntly by Inhslstlon of 

dusts snd fuses. Frank scute sod chronic lead poisoning sre well recognised following 

occupational expoerc to lead. Ihsre has, however, been relatively little consideration 

of nors subtle long tern effects following exposure to peralsslble levels of lesd In 

3 
the lSO-200 ug/n range. There Is currently no reporting systea In the U.S. whereby 

the prevalence of occupetlonal lead poisoning can be recognized and documented.  In 

s recent MIOSH crlterls docunent on occupational exposure to Inorganic lead. It waa 

recoanended that occupational records should be nalntalned for "et least five years 

aftsr the last exposure to inorganic lead" (7). However, chronic effects oay aanlfest 

up to one or two decades subsequent to exposure. Excess desths froa cerebrovssculsr 

accldanta and froa chronic nephritis have been reported In retired British battery 

workers, snd In pluabers snd pointers (27, 28). There have, however, been no 

adequate published U.S. epldealologlcsl studies In workers occupatlonally exposed for 

•ore than two decades. Recent unpublished U.S. studies bsve, however. Indicated an 

approxlaate lOZ Incidence of hypertension In chronlcslly exposed lead workers (29). 

Additionally, disturbance In and personality and Intelligence have been reported In 

lead workera In the abaence of overt lead poisoning (30). The nanufscturer of alkyl 

leed sntlknocks, and the blending and handling of leaded gasoline repreaebts further 

laportant sources of occupstionsl expoeure snd poisoning, and this should be recognized 

ss s significant negative "trade-off In policy .options bssed on the continued use of 

lesded gasoline. 



490 

15 

2.   imMtloo 

Xngcatlon of lead paint and plaater chlpa, hy  Infanta and young 

children. In the i ii^iii beharlor anoaaly of pica, la mil eatabllahed aa a cauae 

of Increaaed lead body burdcna and acute and chroalc lead poiaonlng. Although 

peeling lead palat la old hoaaa haa bean clearly Incrlalnated in aany caaea of aevere 

lead poiaonlng In children, the aourcea of ezpoaure in aany caaea of derated blood 

lavela or poiaonlng la undeteralned (31, 32). Additionally, the obvloua lead paint 

hazard haa been Inappropriately uaed aa an argment to preclude the further 

poaalbillty of Increaaed lead burdena and poiaonlng reaulting froH in^aatloo of 

•treat doat and aoil contaalnatad vith lead froa antoaobila eaiaaiona. 

HW 1972 HAS report (10) atatea unequivocally: 

"... the daily Ingeatlon by a child weighing 10 kg of 0.41 g of atreet 
duat vlth a lead content of 2,000 ug/g vould reault ultlaately in 
a blood lead concentration coapatible vith clinical lead poiaonlng, 
even without allowing for additional lead acquired by inhalation froa 
norval dietary aourcea or froa coincident ingeatlon of leaded paint. 
Likewise, approxlnately 44 ng of atreet duat daily (a fraction of a 
teaapoon) would suffice to increaae the daily lead accuavulatlon froa 
that asaoclated with a blood lead content of 20 ug/lOOg of whole 
blood to that aaaociatad with 40 ug/100 g of whole blood." 

There are well eatabliahad data indicating that laad fall-out froa partlenlata 

autoaoblle eaiaaiona raaults in high lead levela in urban atreet dust, aoil in gardena 

and parka (aee Section 1 C.4). Theae data clearly deaonstrate aarkadly increasing 

duat levels with proxlaity to higfawaya and with coiBerclal, aa opposed to suburban 

and raaideotlal, areaa. Additional auppcrtlve evidence for the laportance of lead 

fall-oat Indudea the following: 

    Average lead levela in front yarda of urban bouaes are 200 to 300Z in ezceaa 

of levels In back yards located further froa denaely travelled highways (33). 

•—   Levela of houae duat lead In aiddle claaa urban hoaea. In aoae caaea evceeding 

fO Pg/g, are approxlaately double those of aiddle daas suburbsn hoaes (33); thoae 

levela are auch greater than thoae conaiderad safe in paint by the RM (34). Recent 
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•nrveys of dust In Boston hfns have rsvcslcd elcrstod lesd levels, predoalnsntly in 

the range of 1,000 to 2000 |ig/g, often In hoaes boUt after 1950 vheie the possibility 

of lead paint can ba excluded (35). The lead contaat of house and hand dust and 

•can blood levels are higher for inner city than for suburban children (36). 

Quite apart froa pica, in which dangers froa dirt and dust Ingcstion sre aueh 

higher, hand-to-Bouth and oral activity Is Barked and noraal In young children. Cal- 

eulationa, based on deaonstrated aean duat valuea of 11 ng/hand in Hartford infants, 

indicate that Blnlaally 110 ag of dust could bs Ingested dslly aenly by sucking on 

dirty flnssrs (37). With cootaalnated dust this sould result in ingeatian of levels 

In excess of the recoHMnded DSFHS daily peialssible intske (DPI) of 300 ug (38); 

soae investigators consider this DPI to ba excessive (39, 40). 

    Concentrations of 1,750 |ig/g lesd in dust on window fraaea aaaz wall travelled 

highways have been recorded in varioua European cities (41). 

- Data froa New York City indicate that only 50Z of children with blood lead 

levels between 35 and 44 Ug/100 g can be associsted with obvious peeling lead paint 

probleaa and that 20Z of theae children lived in hoaea where no peeling paint could 

be found (42). 

——   Long tern atodles following exposure of a population group to elevated levels 

of lead In drinking water revealed an Increaaed incidence of chronic nephritis la 

the abaence of other recognizable signs of plumblsn in the period of exposure (43). 

    Bacent concerns have been expressed concerning the contaalnatloa of shell 

fish by lesd fall-out, which subsequently reaches ground waters through periodic 

ralnatora street waahlngs (1); laproper disposal of lesded petroleua products and 

waates aay alao be Incrialnated. 

B. Prediaposing Fsctors to Incrsase Lead Body Bordens 

Infanta and young children living In certain urban areas may be at high risk 

froa lead exposure due to inhalation of airborne lead, and ingeation of lead 

29-271 O - 74 . 3] 
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contaslo«tad dost. In addition to tbe asll raeotid.z*d problea of lase*tl«a of lead 

paint. 

There are a variety of factora which additionally any predlapoae theae hlch 

Tlak children to the cffecta of Increaaed lead Intake. Theae children generally 

belong to low aocloeconoalc groupa and hence nay auffer froa dietary caldua and 

Iron deficiencies which are known to Increaae lead absorption and also to potentiate 

Che toxic effects of lead in bunana and in experlaantal anlaals (16, M, 4S). Ad- 

ditional possible predisposing factors to lead toxldty include alckle cell «ni—ia 

and glucose-g-phosphate dehydrogenaae deficiency, both genetic snoaaliss relatively 

co^Kn in black people* 

C. Potential Toxic Effects frow Intake of Lead Partlcnlate ftilsaloaa 

1. Abaorption 

Baaed on balance studies in adult nen, the net absorption of lead froa 

the allaentary tract has been estimated to be lOZ (46); aore recent sutdles suggest 

that young children, contrastingly, absorb as auch as SOX of their oral Intake (40). 

While the tlae taken to achieve a steady state following a substantially Increaaed 

lead intake la unknown in adults (10), equilibration certainly does not occur during 

fetal life when cuaulatlve uptake occurs in the whole body and particularly in bonea 

(47). Absorption froa the allaentary tract is Increaaed by iron and calclua deficiency 

(44, 45), both coaaon in young children in ghetto populations. Additionally, it 

is very likely that absorption of lead froa finely partlculate leaded dust Is auch 

greater than froa relatively large flakea or chlpa of leaded paint; this, however, 

does not appear to have been studied experlnentally.  In this connection, it should 

be pointed out that the presence of paint flakes, as determined radlologically. In 

the allaentary tract of young children with relatively elevated levels of blood lead 

or with lead poiaonlng does not necessarily contra-indlcate the fact that poisoning 

aay, at least in part, be due to ingeation of leaded dust fall-out, particular idien 

lead concentration in duat can reach aa high aa 0.5Z. 
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The ralmooMzj dapoaltlon of Inhaled partlculates will depend on their alxe. 

I-UC partlculates, grcatar than 2ii, tend to be tra|>ped out In the upper reaplrator; 

tract and daared by aaco-clllary aechanlaaa. and particularly In the caae of young 

children, avallaaed rather than expectorated. A high percentage of oUtted exbauat 

partlculatea fall is the reaplrable range and tend to be deposited In the lung, aa 

their average MHED la 0.25 w (ice Section 1 C.S). Various crude eatlaatea of the 

depoaltlon of Inhaled partlculatea froa ablent urban air have been made; theae 

auggest an average retention of 37Z (10). While various atudlas (ase Section II A.l) 

have deaonstrsted a general correlation betman rssplratory exposure and blood lead 

levela, however the extent of retention and lead abaorptlon froa deposited partlculatea 

has not been adequately Investigated. The consensus of oplnlaiIndicates that, in the 

particle else range found in aiAlent air, lead deposited In the respiratory tract 

rcaalna there (10) and tbua will be abaorbed. As stated in the HAS report. 

"For all practical purposes all the lead deposited in the lungs aeens 

to b« retained". (10). 

2. Blood Lead Levela 

According to Goldsaith's data (26), the conposite urban O.S. population 

has a nean blood lead of 21 ug/lOOg. Healthy adults usually do not exhibit obvious 

ayaptoaa until blood level reach 80 Mg/lOOg. However, nost authorities, including those 

OS the staff of leading ^ufacturera of lead additives, sgree that 40 lig/lOOg is the 

upper acceptable blood levels for sdulta in the general population (1); there is also 

BOSS consensus tbst upper scceptable blood levela for pregnant woaen. for cord blood and 

for neonatea are 30 iig/lOOg. and for young children are in the region of 3S pg/lOOg. 

The posalblllty exists thst these levels sre excessively high. A recent survey on 

162 children in Hurenberg has deaoostrated aedlsn blood lesd concentrstlons of 3.3 

t  2.6 pg/lOOg for children sged 0 to 1 yesrs, 3.7 1 5.4 ug/lOOg for children sged 1 

to 2 years, 8.2 t 5.6 ug/lOOg for children aged 2 to 3 yesrs snd 8.3 i 4.4 ug/lOOg for 
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chlldreo aged 3 to 4 yean (48). Tbc lapllcatlona of thla mtuSj,  If coafli^>d. aouU 

necessitate a drastic rcdoctloa In currently cooalderod "^lonnl" ranges in blood 

lead values. 

Kecent surveys In a vide range of U.S. cities have deaonatrated an "epldeslc*' 

occurrence of exceaslve lead exposure in that 20Z of one to six year old children tested 

had blood levels greater than 40 iig/lOOg (49) ; theae data do not allow definition of 

the relative roles of airborne and dust-fall lead and of leaded paint. 

It Bist, hcwever, be stressed that blood lead levela only reflect recent exposure 

to lead, and generally give little or no indication of the total body burden of lead 

or of past exposures. Clinical evidence of lead poisoning can thus occur in children 

with noraal or near ooraal lead levels in the range of 40 to 50 vg/lOOg (1, 47, 50, 51). 

Bone biopsies, while impractical, give a auch aore reliable indication of total lead 

body burdens. Bone lead is biologically available and can be Bobillxed under a variety 

of aetabolic conditions and by chelatlon therapy (10). Lead workers renoved several 

yeara fron exposure still have high levels of blood porphyrins, presunably because of 

the slow releaae of accunulated lead reservea particularly fron bone storage depota (52). 

Recently, clrcuapulpal dentine lead levels have been used to provide e aore realistic 

•ensure of body burdens (S3); using this technique, s group of white school children 

living In generally good housing, but with high levels of household dust, 3000 to 4000 

ppB due to proaixity to a lead proceaaor, were fmnd to have narked elevation in tooth 

lead levela. Additionally, lead levels in teeth fron seventeen Icelandic children were 

shown to be approxlaately half of those of 20 suburban Boston children (p < 0.005) (54) . 

^- "Lw Level" Toxic Effects 

Thsre hss been recent growing recognition of the potential significance of 

"low Isvsl" toxic sffects of lesd in contrast with the well-recognized clinical pictures 

of scuts and chronic lead poisoning. 
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         Delta amlnolevuUnic acid dehydrase (ALAD), an enzyme Involved In 

hemoglc^in synthesis, is inhibited by tear levels of lead (55).   Inhibition of 

this enzyme has been demonstrated in brain, kidney and liver of rats (55); enzyme 

levels in blood and brain correlate well (56).   An inverse linear relation between 

ALAD activity and blood lead has been demonstrated over a concentration range of 

5 to 9Sjig/l00g (55).    This suggests that ALAD inhibition in blood of young children 

occurring in the 20 to 40iig/l00g range may be associated with biochemical ab- 

normalities in the brain (1).   Experiments by J.C. Calandra (cited in the September 

1972 draft of Ref. 1, but omitted In the final draft) confirmed inhibition of ALAD 

in vivo by blood lead levels as low as 22>ig/100g. 

—       There is particular and growing Interest in the possibility that low levels 

of lead can produce behavioral and learning disorders in children.   Convulsions, 

encephalopathy. Irreversible brain damage and subsequent mental retardation are 

well recognized sequelae of lead poisoning in children.   As frank lead encephalo- 

pathy produces such severe and permanent neurological damage, the production of 

more subtle effects from lesser degrees of exposure is only to be anticipated. 

Additionally, mental retardation has been reported in follow-up studies of children 

with asymptomatic lead poisoning (57); improvement In behavior and language 

ability has also been reported following treatment of asymptomatic children with 

excessive lead exposure (58).   These concerns have been recently emphasized by 

the findings of disturbances In personality and intelligence In lead workers In the 

absence of overt lead poisoning (30),   There are now scattered reports that exposure 

to relatively low levels of lead. In the absence of acute poisoning, can produce 

psychological deficits and behavior  anomalies, including hyperkinesis. Intelligence 

impairment and learning disorders (49, 59-61).   The hyperactive chlIdren were 
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observed to have higher blood lead levels, besides a 2-fold average increase In 

urinary lead excretion, following chelatlon therapy, than found In partially matched 

control groups (S9); urinary lead excretions were abnonnally elevated in 60% of the 

hyperkinetlc children as opposed to in 21% of control groups.   Additionally, a 

history of lead exposive was claimed to be common in the hyperkinetlc children. 

The NAS report (10) acknowledges the possible effect of low lead levels In inducing 

hyperkinetlc and behavior anomalies: 

"The subtle effects on behavior of low lead exposure on long duration 

without prior acute exposure may be manifest in two types of disorder; 

the dulling of mentation and chronic hyperklnesls.   No infonnatlon Is 

available regarding the possibility of cause and effect". 

        There is also some experimental confirmation of the clinical findings of 

hyperklnesls due to lead exposure.   A 3-foid increaseh activity levels of infant 

and young mice exposed to lead in maternal milk has been demonstrated compared 

to matched controls (62).   Exposure of rodents for two months to air lead levels of 

II jig/m^ produced disturbances in conditioned reflexes and also histopathologlcal 

changes in the brain (63); some of these effects may be partly due to the grooming 

of lead-contaminated fur.   Eiectro-encephalographlc studies in rats exposed to 

lead acetate have demonstrated impaired neural control (64).   The results of these 

studies may t>e lelated to the Inhlbtory effects of low levels of lead on lat brain 

ALAD (55) and the inhibitory effect of lead on rat brain dopamine (65). Additionally, 

impaired teaming, as measured by non-spatial visual discrimination tests, has 

been reported in ten to fifteen month-old sheep following exposure In utero to 

maternal blood lead levels of 34 pg/100 ml (66).   Hyperactlvlty and insomnia were 

observed in infant monkeys with blood lead levels below 100 }ig/lO0 ml (67); 
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abnormal social Interactions persisted In monkeys recovering from higher blood 

lead levels. 

—        Chromosomal anomalies have been reported In peripheral lymphocytes 

of occupations lly exposed and lead poisoned men (10, 68) and In mice (69). 

Anomalies have also been reported In community populations in the vicinity of a 

lead snelUng plant (70).   While no genetic studies on low levels of lead have 

been published, mutagenlc effects could be anticipated In view of the non-threshold 

nature of such genetic damage. 

         Excess lead exposure of pregnant women results In neurologlcaIly damaged 

Infants with Intra-uterlne and post-natal growth retardation (10, 71). 

         A wide range of experimental studies have demonstrated that oral or parenteral 

administration of lead salts Induces chronic nephropathy and renal adenomas and 

adenocarclnomas in rats (72, 73) and In mice (74). 

         There are some indications that lead potentiates viral disease and inhibits 

the antiviral activity of Interferon inducers (75).   Additionally,  large doses of lead 

potentiate bacterial infections (76), increase sensitivity to bacterial endotoxins 

(77) and inhibit specific Immunologlcat responses (78). 

D.      Conclusions 

Mnille none of the above cited lines of evidence Is alone conclusive evidence 

of sub-cUnlcal brain damage and other sub-toxic effects from low levels of lead. 

In concert they arouse a strong index of suspicion which adequately lustifies public 

health policies designed to reduce lead exposures.   Moreover, these findings clearly 

indicate that there is virtually no margin of safety between lead exposure levels 

and potential adverse effects in urban community situations, quite apart from occupational 
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exposure where pennlssibte levels, TLV for lead Is currently ISO ug/m^, arc 

already welt above the toxic range.   This Is In striking contrast to standard 

toxicological practice where permissible exposure levels are minimally based 

on 100-fold safety margins. 

Over and above the question of safety margins. It must be stressed that 

the standard and conventional method for detecting and measuring the effects 

of lead exposure by blood analysis may well be misleading.   White blood levels 

reflect relatively accurately recent exposures to lead, they do not reflect total 

body burdens and thus Ignore the cumulative effect of lead toxiclty, the 

cumulative storage of lead and Its potential availability following mobilization, 

particularly from bone depots. 
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III.  PgSIGH. PgRTOBmHCE AMD COST OF USM) IMPS 

A varlaty of lead trapa aystooa have been recently developed which are de- 

algned to reaove particulate lead fna the exhaiiat of can with conrcntlonal Internal 

coobuatlon englnea operating on conventional leaded gaaollne. Theae trap arateBa 

would allow contlnuad uae of leaded gaaollne, aa an alternative to raaoval of all or 

part of the lead with soae attendant fuel penaltlea, while controlling lead par- 

ticulate ealaalona. Soae of theae ayatena have been deaigned for retro-fit parpoaea, 

to replace worn Bufflora on In-use cars, while others have been deaigned for 

Inatallatlon on new eara, other than thoee with lead-lntolerent gaaeoua oalaslona 

control systeaa. It abould be appreciated that. In contrast to the Intensive 

world-wide efforts that have been expended on developaent of gaaeoua ewlaslon 

control syateaa, R&D on lead trap technology haa bean on a relatively saall scale 

and restricted to a saall segment of Industry, notably Da Pont Co. and, to a leaaer 

extent Ethyl Co. 

The Du Pont particulate trap Is the wost hl^ily developed and teated of all 

known aystens. With the additional exceptions of the Ethyl snd Texsco-Octel systeas, 

no other traps hsve yet progressed beyond the stsge of Halted laboratory testing. 

All trapa, with the exception of the Cooper Onlona Holten Salt device snd the IIT 

Besearch Institute theraal packed bed, depend on Inertlal aeparatlon with precadlss 

cooling, coagulation and/or aggloaeratlon to facilitate lead particle separation. 

A. Du Pont Trapa 

The data on which tha following discussion is based have bean publlahad by 

Du Pont In both au^Mry snd extended fora (1, 2). 

1. Design 

Du Pont auffler trapa have been designed to retro-fit in-usa cara. 

Additionally, the daalgn principles have been extended to produce long-life traps for 
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laatallatlon cm nam cars with lcad-tol«rant gaaeoos aslsaloa control cysteas. The 

basic principle depends on the coollnt of exhaust gaa to Initiate partlculate 

lead formation and aggloaeratlon In the exhauat trap systea, followed hj  the 

separation and collection of the exhaust partlculate* la a cyclooa trap. "Type 

III" traps are relatively slaple, and without aodlflcatloa can be used to replace 

•nfflcrs on In-uae cara. Exhauat gas enters one end of the nuffler trap and la 

efficiently agglnarrated by flowing over a bed of high surface area aloalna pellets, 

froa which It peases to two incrtlal cyclone separators snd thence Into a plentn 

collection chaidMr designed to prevent particle re-cntralnaent. While leas work has 

been done on the use of traps with alternate power systeas designed for leaded fuel, 

such as stratified charge. It appears that such trsps can be as effective as with 

conventional internal coabuatlon systeas. 

More coaplcx and sophisticated traps, suitable only for Inatallatlon on new 

cars by the aanufacturer ere exsi^llfled by "Trsp System B". The standard exheust 

pipe Is replaced by a dual exhaust systca of fluted pipes Hoed Internally with wire 

•esh to proaote eddltlonal cooling and aggloaeratlon. The pipes are exhauated Into 

a aeah-fIliad cooBon box froa which they paaa to two cyclone separators, one In each 

rear fender well. A aodlfled version of Trap B has been eoablned with exhaust aanl- 

fold raactors and air Injection, to oxidize hydrocarbon and carbon aonoxlde, and with 

exhauat gaa redrcolatlon to control NO salsslons In order to produce a "Total 

Balaalons Control Syate»" (TECS) (3). TECS are designed to aeet 1975 and 1976 U.S. 

ealaalon standards, but are still In developaental stages. Conalderable developaental 

work haa also been done on total final filters aounted behind traps; greater than 

9SZ ratantlon can be achieved, although probleas of back pressure hava not been reaolved. 

The durability of conatructlon aaterlals snd the sire of collection chsabers can be 

aodlflad to produce a trap-life extending up to 100,000 allea. 
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2. PerforMnce »lth telatlon to Lead Trapping 

Evaluation of the qualitative and quantlcatlw role of traps In re- 

ducing lead enlsalonB requires coaparatlve characterisation of exhaust partlculate 

matter In trapped and non-trapped cars. Soae esdiaust partlculates are generated 

In the coi^ustlon chasber and are aggloaerated In the exhaust Bjtttm prior to 

aalasloo. Other aalsslons originate froa re-entralnaent of partlculatea deposited 

throughout the ezfaauat aystoi. Thus, Che nature and quantity of emissions at any 

one tine is highly variable and depends on precise operating conditions. 

Most studies on partlculate enissions have focuaed on lead rather than on 

other partlculates which are leas well characterised. Early studies on cars operating 

on chassis dynsaoaeters (4) have established that lead eaisalon rates are directly 

dependent on fuel lead concentrationa, speed, load and accumulated aileage. Much 

of the burned lead Is retained in the engine oil and the exhaust systems under normal 

operating conditions snd this is partly re-entrained during high speed and load 

conditiona, resulting In 10 to 20-fold Increases In lesd emission rates; it was also 

noted that the ratio of coarse to fine partidea Increases with increasing speed snd 

load conditions. Hore sccurate partlculate lead emission rates are determined using 

a total exfaauat filter on cars operating on a progrniprt chassis dynamometer (PCD), 

in accordance with the Federal Mileage Accumulated Schedule. Size distribution 

analyses csn be eccurately performed, on cara operating on a PCD, based on the constant 

volume proportional sampling principle and on isokinetlc sampling, using an Andersen 

Sadler and a Monsanto I^>actor for particles In the range of 0.3 to 9 u and an 

absolute filter downstream of each Impactor for partidea leas than 0.3 u. The most 

recent attempts to correlate emissions and atmospheric effects have been conducted In 

"controlled atmospheres" In a sealed turnpike tunnel (5). The effects of leaded fuels 
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•B total partlculata ealaalons, aolllng, reduction Is light vlalblllty and ataoapherle 

lead levala have been atudled In reatrlcted teata. 

Dalng theae technlqaea. It waa conflraed that the total lead partlculata 

•ilaalona vere highly Tariable, depending on operating conditiona, and ranged from 

^projdjately 0.05 to 0.4 g/aile (2); particle alxe dlatrlbutlona auggeat a linear 

poaltlve relation between alxa and accoaulated alleage (S). In one aebedule, at an 

average of 5,000 alleagc, the percentagea of ealttad lead greater than 9 M and leaa 

than 0.3 y were 27Z and 30Z, reapactlvely; the correapoodlng valuea at 28,000 nllea 

vere S7Z and IIZ, reapcctlveljr. Theae proportional changea with alleage are paralleled 

by abaolute changea. 

Partlculate ealaalona (roa imlwadwd fuala are largely black, carbooacaoua, 

of relatively low danalty and thua of greater voluae per unit aaaa than la the caae 

with leaded partlculatea. The unleaded partlculatea thua have a prxtportlonately 

greater effect on vlalblllty and soiling (5). Total partlculate emlasiona with leaded 

fuel are relatively Inaenaitlve to choking which narkedly Increases unleaded eBlsslons. 

The cootnbntloa of lead ealaslooa to total ataoapherle partlculate loadings is 

relatively low and la eatlaated to be 0,5 to 1.5Z In suburban areas, 1.4Z downtown 

and S to 8Z on hlghwaya. 

Reproducible quantitative aasesaaant of performance efficiency of lead trapa 

la •ethodologlcally coaplez. EBlaalona Buat be compared by different laboratories 

ovar a wide range of oparatlng conditiona and for extended perloda in a large number 

of production bealdea prototype vehlclea, ualng standard and acceptable procedures 

for eharactatlxlng eahauat partlculatea (2). Theae requirements appear to have been 

largely met in the publiahed literature on Ou Font trapa (1, 2), which appears to 

ampport the following conclusions: 

—   Lead trapa reduce total lead amlaalona from production cara operating on 

iii^Mi I lal leaded gaaollne, from 82 to 912, aa meaaured in long term laboratory teata; 

29-112 O - 14 - 22 
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lead iBlulSBa In cnrrcBt fnll-«ls« vahlelaa rtagt  fraa 0.12 Ce 0.15 g/all* (6). 

Thcsa naulta «» coafiTaad hj won  raccot, but llaltad, faaalblllty field tcata In 

San Franclaco. Trapa can thoa rcduca leaded partlculace aBlaalona frtm  foll-alzed 

vehicles to leaa than 0.02 g/alle, thua Beating the pre*loualy ri i ii—iiiiliil 1975 EPA 

paniculate ealaalon atandarda of 0.1 g/alla and aeetlng the propoaed 1980 goal of 

0.03 g/nllei aniaaioBa froai anallar care aould be proportionately lomr relative 

to fuel cuuaiMytloD. 

—   Lead trapa reduce large alsa partidaa by norc than 85X and airborne partldaa, 

leaa than 0.3 u, by aore than 6SX, aa neaaurad by laboratory teata; further, they 

reduce airborne partldaa by M to 84X, aa neaaurad In turnpike timnel road teata (S), 

AM  datemlned by varloua Investlgatora (i), the MMBD for ataoepbcnc lead partlculatea 

la 0.25 |i. Msat recant eatlaates indicate that the aiae diatributlon of urban 

atnospharlc lead rangaa fron 0.2 to 1.43 w (aee Section 1 C5). Size dlatribvtlea 

enalyaee of In-uae care Indicate that approxlnately 20Z of enlaalooa conalat of 

partldaa leaa than 0.3 u (')• Thua, high trapping affIclendee, greater than 68Z, 

for theae aadl partlculate ealaalona are particularly laportant In reducing levela 

of airborne lead. 

    Lead trapa incorporated in TECS reduced total ealaaleaa by S5Z and alxbome 

lead by 71Z In tunnel tcata. While auch aystens have not yet deaooatratad 50,000 alia 

durability, neither, according to Bannfaeturera, have the catalytic ayataM planned 

for 197S and 1976. 

——   The perforaanca of trapa la relatively etable and la not natarlally dterad 

by variaclona in the driving cycle or operating condltiona, nor ia it decreaaad by 

acciaulated alleage, nor la It dependent on owner aaintananca. Temporary redoctlona 

in efficiency nay reeult (torn "upaeta", auch as burned vdvee or over-rich niztnrea. 

In contrast, lead ealaalona are erratic and incraaae »ith alleage ia eara alth 

standard exhauat syataaa, due to the eaotlnuooa acciadatlon and ra-entreinaent of 
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il«po«lf fma tha latarlor of th* anfflar and ndiaast pip* and froB the antin*. 

    Hora llMltad Indapandant taata by three other laboratories (X>ov, Ethyl 

and Eaao) on cars with Type III traps closely confliBed the reaulta of the Du Pont 

taata in relation to g/alle aBiaslona. 

— It la dwnnstratad that tha aaa of trapa under defined coodltlona vlll result 

In a aladlar reduction In lead ealaslons, to less than 6SX by the siat^n: of 1977, 

aa would be effected by the proposed EPA 1972 schedule (U).    It sppsara that likely 

the uae of traps on both In-use and new vdilclea will reault In a aore rapid reduction 

In lead ealaalona than that aehlavible by tha Dacsaber 6, 1973 "phase-out" ragulatlona 

(18). 

3.   Ptbcr toptcCB of Perfomnff 

The Du Pont literature (1. 2) statea that the durability of Type III 

retro-fit traps is excellent end only little attrition la observed following 50,000 

•ilae operation, during which tlaa back preasura did not Increaaa. Fuel aconony and 

accalaratlon of trap-equipped care la etated to be the eaae aa that of cara with 

coavantlonal axhauat ayateae. There are no ptAlishad data on attenuation of exhauat 

engine nolaa. 

In addition to reducing lead ealaslona, traps significantly reduce a wide 

range of other non-regulated partlculate eaissloos. The efficiency of removal of un- 

laadad foal partlculataa, which have a relatively high voluae but low density, la 

llkaly to b* lowar than for leaded partlculataa (6). It la generally recognized that 

use of lead increaaea tha total partlculate esdaslons relative to unleaded fuels. The 

extent of thla increaaa reflects •eaaureaent technology; it is claiaed to be aa high 

ea lO-fold (7), and aa low aa 2-fold (8, 9). Thesa partlculataa cooalst of cowplex 

oxyhalldaa aa a core around which aolld or liquid organic coabustion products condense. 

Tha organlca Include polynudear anaatic hydrocarbona, phenola and aldehydes; thalr 

eoocantratlona In aalaalona do not appear to be altered by the presence of lead In 

gaaollna.  In particular, advanced trap ayataaa, auch aa Type B, also narfcadly reduce 

ealaslons of seal-solid partlculataa auch aa "tare" and alao higher boiling point 
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polTnuclear aroaatlc, such as b«nzo(a)p7rene (7, 10); further reduction In bencoCa)- 

pyrene ealealoiie can be achieved uains TECS. 

4.  Coat To The Conafer 

Wizm  coat eatlaataa for trapa, aa for aanj other projected enlasion 

control devicea, ere not available becauae natty of theae ayateaa are atill under- 

going active KU)  and teating. Bowever, the coat eatimatea by Du Font and tvo in- 

dependent manufacturers for manufacturing coata of retzo-flt muffler lead trapa ia 

approximately $9 in contraat to atandard muffler coeta of $A.SO (1, 2). Baaed oo 

current commercial maxic-iip practice, the Jct>ber and garage aelling prlcaa to motoriats 

are projected at approximately $35 and $41, reapectively, approximately double the 

correapondlng current selling price of mfflers, $18. Minimally, the retro-fit trapa 

wulc: have a life of at least aa many milea aa the mufflers they replace, greater than 

37,000 milea. Traps for nav eaza are of a larger volume than ratro-flt trapa; tbla, 

together with increased conatructlon durability la expected to raault In life-time 

use, approximately 85,000 miles (2). In contrast to long-life current production 

mufflers, incremental consmer costs of $29 for long-life lead traps are anticipated. 

Theae incremental costs of lead traps nist be contraated vith incremental conaumer 

eosta due to reducing lead in gaaoline or uelng lead-free gaaollne. The latter coata 

have two conponenta — flratly, the fuel econo^r penalty due to the reduction of 

compreasion ratios neceaaary for operation of new care on lower octane, and, secondly, 

and less significantly, the increased costs of low lead and lead-free geaollne. Dc- 

creesed compression rstlos sufficient to reduce octane requirementa by one octane 

nuaber result in s decreaae of 1.5Z in fuel econoi^ (11); thua, the fuel econoa^ penalty 

due to operation of 91 DOR unleaded gaaoline would be ea high aa 10.6Z; other aatlmatea 

on fuel penalties range from 5.A to 11.91 (12). Calculations of preciae Incremental 

consumer costs are complex, depending on a wide variety of factors. Baaed on Aero- 
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•pace Co. data (13). It la dalaad that Increaental eoata «1U be 0.33«/tal., rather 

than EPA eatlaataa of 0.2Sc/sal. (14). 

Dalng conaervatiTe eatlaataa and ignoring poaalble penaltlea due to projected 

uae of gaaeoua emlaaloo control ayateaa, it appaara nore coatly to the conauaer 

to nac anleaded or low lead gaaollna rather than to oaa lead trapa.  Illuatratively, 

Increaental coeta to the conauaer froa ualag life tlae lead trapa and current leaded 

gaaollne, approxlaatel; $29, are contraatad, baaed on all oav cara operating for 

85,000 allea on unleaded gaaollne, vlth Increaaad gaaollne coata of $161 at current 

ratea due to reduced coapreaalon ratioa and a further $29 due cio increaaed gaaollne 

coata. Thus, energy conaiderationa apart, there nay be an Increaental coat penalty 

of approxlaately $180 froa the uae of non-leaded gaaollne as an alternative to lead 

trapa in the Halting caaa vhea all cara are new. An offaetting factor la increaaed 

spark plug and eahauat ayatea life in cara uaing unleaded gasoline (13); howaver, many 

trap exhauat systtau are being dealgned for life-long use. 

5. gnergy Deficit Froa Step»flae Reduction in Lead levels In Gaaollne 

Eatlaates on the energy deficit due to the use of gasoline with stepvlse 

reduction in lead levela, aa opposed to the uae of fully leaded gasoline vlth traps, 

are coaplex for a variety of reaaona. Theae Include failure to differentiate total 

energy lapact froa direct lapact on gasoline production, specifically; reliance on 

aaauaed typical refinery process data, while in fact no two reflnerlea are the sane; 

and, Incluaion la net energy balance calculationa an aaauaed, but unproven, econony 

froa the uae of catalyat - equipped cars.  It is thus not surprising that energy 

deficit estlaatea range widely, froa 0.4Z crude (U gasoline) (18)to 15Z crude by 

PPG Industries, Inc.; average refinery eatioatea are IZ to 1.5Z crude (l.SZ) to 

2.3Z gaaollne). These eatlnated energy deflclta oust be clearly differentiated froa 

additional deflclta due to uae of lead-free gaaollne. 
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B. Ethrl Co. PTtlculf Trap 

The prototype unit la the anchored vortex cyclone trap, vhlch contalna one 

or Bore Inartlal aeparatlon tubaa vlch avlrl Tanea In the Inlet aactlon to prorlde 

the vortex flow (U)i collaetlon iliajura are fIliad with aaall a^uarea of expanded 

•atal to Blnlalae particle re-entralnaent. Theaa alaple trapa can be eaally retro- 

fitted, taut only reduce total lead aalaalooa by S2Z and alrborae aalaalona by 38Z. 

Trap ayatena baaed on the lath agsloBeratlon principle, daatgnad for ratro-flttlns 

on aaall foreign cars, have been daralopad and taatad on the Toyota and riat and 

have achieved higher trapping effldenclea than prototype aodela; theaa trapa produea 

an MX and 7SX reduction In partldea greater than 0.9 |i and laaa than 0.4 u, 

reapectlvely. Developaental teata on a alngla unit Incorporating an aluadna aeah bad 

and an anchored vortex trap, daalgned for retro-flttlng, daaonatrata algnlflcantly 

higher trapping efficiency. More advanced unite daalgned for naa eara are baaed on 

the tangential entry anchored vortex trap aa a pre-daanar or pra-fUter for coollng,^ul 

aggloBcratloD and aeparatlon of aggloaarated partldea ahead of a final filter 

ayacea. Theae unlca have a very high efficiency and reduce total partlculate aalaalona 

to aa Ion aa 0.007 g/nlle, without any Increaaa In back preaaura. 

C. Texaco-Octel Filtera 

Theae flltera have bean developed through an agreeaent between Texaco and 

Octal, ualng a Texaco patented alualna depoeltlon proceaa (16). The ayatca la baaed 

on ailtlple flltera conatructed of alislna coated wire aeah. Trapping efficiency la 

dependent on tenperature and on filter voltaw and on the greater voluae of the front 

than the rear filter. Theaa flltera can be retro-fitted In normal exhauat ayateaa 

and trap approxinately BOX of fuel lead and total partlculate ealaaiona. With larger 

alze flltera for new cara, eataalona can be reduced by approxlaataly 90X. Oalng the 

duaina flltera aa pra-flltera for Plttaburgh Plate Claaa (PFC) fiber glaaa flltera 

reaulta In a decreaaed overall lead aalaalona to leaa than 4X of fud lead over a 



513 

25,000 all* tc«t; with mbaequcnt mileage, OilealoiiB were reduced to leaa than IZ 

vlthoot alsnlfleant back praaaure effseta. 

In addition to Oetcl teata In England, tavslvlng aore than l.J Billion ear 

allaa, conflraatory teat prograa hare been undertaken In I'rance and Genanj. It 

appeara that theae ayateaa can eaally neet the propoaed partlculate aalaalon atandarda 

of 0.03 g/alle and can control lead enlaalona aore econoalcelly than by reductlona 

In gaaollne lead. 

D. EPA Critique ot Lead Trapa 

The January 10, 1973 EPA regulatlona (17) reipilre the general availability In 

1974 of an unleaded and phoaphorua-free gaaollne of at leaat 91 KM for 1975 nodelcara; thi 

12/6/73 rega.requliB atxivlae reduction of lead In regular and prealua grade gaaollne 

to a aaxlBaB total pool average of 0.5 g/gl. by January 1, 19T9 (IB). 

The requlrcaent for unleaded gaaollne la baaed on the projected need for lead- 

intolerant catalytic oxldant enlaalon control ayateaa for 1975 cara. The requlreaent 

for atepvlae reduction In gaaollne lead la baaed on the appreciation of potential 

public health hazarda due to lead ealaalona. Both reqalraaenta are calculated to 

yield a 65Z reduction In lead ealaalona by 1979, 

KfA conaldared lead trapa aa an alternative to the atepvlae reduction of lead 

In gaaollne for lead-tolerant vehldea, but rejected thla on the grounds, which do 

not appear to have been adequately docuaented, that they were neither technologically 

nor econoalcally feasible (14).  EPA elao rejected the possibility that lead-tolerant 

catalyat aalsaloo control systeaa could be developed for 1975 to 1976 cars, a position 

widely supported by induatry. The EPA objectlona to lead trapa are examined In detail 

In a Du Pont publication (2), where It la claimed, on the baala of detailed supporting 

data, that theae objectlona appear either factually incorrect or have been invalidated 

by recent new developaenta.  In conflict with EPA conclusions, ealsslon control systems, 

•neb aa TECS, capable of asetlng 1976 atandarda, are being actively developed and could 
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••11 •vbacqueatly replace l—i) latel«r«t otalysu.    *c«^t ladaatTy data ladlrtf 

that reproducible and Tellable ca^parative detervlnatlaaa of particle aaaa ^id alae 

dlatrlbatlooa hare been aade br independent laboratorlea on eara with trapa aad 

vlth cpOTttatloaal eahauat ayateia.    While EPA atatcaenta that trapa are leaa 

cfficiest for alibomc than for large partldea appear correct in principle, bawerer, 

cooling and aggloaerating aysteae upatreaa of the cyclone hare beeo developed to 

eonrert aaall loto larfa partldee.    Additionally, Independent teaca have confliaed 

xaaoral by trapa of aora than 64Z of altbome partldea.    Tfana, lead trapa Inatallad 

both on Itt-uae and nea cara n«uld decreaae the total lead oilaalooa aore rapidly titan 

aould be the caac vlth the "phaae-out" regolatlona. 

Hlth regard to co^aratlve coata of trapa veraua phaaed lead redoctiona in 

In-oaa cara.  It appeara that KFA aay have over-aatlaated the coat of lead trapa, by 

aaaialng high conauaer ooata rather than accepting Inforval coat aatiaatea of aoffler 

•anufacturari ahlch Indicate an approzl>ate 2-fold Increaantal coat.    Thla error 

appeara due to the equation of coata of repladng a coaplete ejdiauat syatea vlth tha 

lover coata of auffler replaceaent.    Additional aourcea of error for the coat of 

reaovlng lead froa gaaollne appear to be due to eatlaatea baaed on increaaed 

raflnary ooata,  rather than on Increaaad coata to the cooauaer.    Du Pont preaenta data 

indicating that the coat of reaoval of lead froa gaaollne for In-uae cara, $17 to 

$S9,  la at leaat aa high.  If not higher, than the coat of retro-fitted trapa, aarlaally 

$19 Incraaent over auffler coata (2).    Du Pont dalju that EPA alallarly over-eattaiated 

trap coata on aev cara; EPA eatlaatea of $65 for trapa on nev cara are baaed on 

laatdlatlon of coaplete exhauat ayate>s.    Du Pont data Indicate that the aaxlaua 

increaental coat to the cooauaer vlll be approxlnately $29 for trapa designed for life 

tiae uae.    Again according to Du Pont, EPA under-estiaated the fuel penalty and 

Increaaed conauaer coata froa unleaded gaaollne on nev cara, which vlll probably range 
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fro* $200 to $270 anr  th* llf* tlae of the ear. 

B. BscTcllnn Lead Proa Traps 

Daa of alkyl lead foel addltliaa, at a rate of apprtndaately 300,000 tooa 

anmially, repreaents a depletion of an l^iortant natural reaourca. The evaluation 

and algnlflcance of such depletion, and hence of the naad for recycling, ahould 

rcflact coBfllderatlona Including the following: 

1. Lead aa a llon-Reneweble Reaourca 

The aarth'a lead reaourca* are currently being alaed at an approxl>ate 

—•"«^ rate of 2.2 z lO'kg (19). Bran optlslatlc approaches euggeat that leal de- 

aand aajr escaed eatl>ated reserves within the next few decades (20). 

2. Recent Patterns In Lead Conau^tlon 

Annual OS lead consuaptlon has approximately doubled over the last 

three decadea — froa approxlaately 780,000 tons In 1940 to 1,300,000 tons In 1968 

(19); daring this period, there hss been a aajor absolute snd proportional annual 

Increase In conauaptlon of lead fuel additives froa SO,000 tons In 1940 (6Z) to 

260,000 tons (20Z) In 1968 (22). Recycling froa various sources othar than lead 

additives accounts for aore then one-third of lead used (21). 

^- Lesd ftilsslons froa Gasoline 

While there la little doubt that coabuatlon of leaded gasoline representa 

a aajor preponderant source of lead ealsslona, eatlaates (14, 23) that gaaollnc waa 

responalble for approxlaately 98X of the 1966 ealaalons of 184,000 tons are qucaclonable. 

These eatlaatea are based on an locoaplete Inventory, Ignoring ealaalona froa sources 

ancb ma  Hjnlclpal Inclneratora, weathering and coabuatlon of lead producta and external 

venting froa a wide range of occupational aourcea. However, poaalble over-eatlaates 

of the proportionate contribution of ealaalons froa gaaollne coabuatlon aay well be 

partially coapensated by unacknowledged ealsslons froa evsporatlve losaea of lead 

alky la froa ealsslons of unpyrolysed lead alky Is In exhaust gasoline and froa la- 

proper dlspoaal of uaed engine oil (see Section U); lead alkyla are rapidly degraded 

{ 
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la air to laorgaaic lead. 

4. RacTcltnR Techaolomr 

Cumat laad trap tadmology haa iliianintratad th«t auch »Tmttmm  ara 

capabla of raduclng laad partlculata aalaalona bj SOX or aora aod tliat auch trap* 

caa cootala ov«r 4,000 gaa of laad or ovar 6.000 gaa of laad co^pouoda. AaaiAtac -- 

an average lead oilaalaii rate of 0.1 |pe per alle, 60Z of Che lead aiitted of the 

lead burned, and an 80Z trapping efficiency, Chen the net lead coapounda which voold 

be contained by a typical cyclone trap for over 50,000 allea nould be epproalaataly 

7,500 gae (24). 

The technical feaalblllty of recycling lead fraa On Pont trapa haa been 

well eetabllahed (8). Trape are aa easy to detach froa in-uae or acrapped cars aa 

are conventional Buffler syatsas. With appropriate econoaic Incentivaa, the trapa 

cooU be segregated and ahipped to a central proceeaing location. The unit caa be 

shredded and the powdered lead salta aaparatad phyalcally froa tha collection 

chafer, atainlesa eteel wire aeah or alimlna pellata. The lead salta and dapoalta 

could then be saelted to allow a high degree of recovery of lead, brcaine and 

chlorine. Crude lead aalt aludge can be processed together with aliaina by secondary 

lead saaltara. The econoalcs of the process have not yet been developed by sny of 

the lead trap aanafscturera, but will reflect leglatic coosidsratloos Including 

collection end shipping of spent trspe froa junk yards or auffler installers snd also 

the narkec price for lead, broalne snd chlorine.  It is, however, unlikely that the 

need for lead alone will be sufficiently critical to stlaulate recycling froa traps 

in tha near future (8, 9). One additional factor that aay encourage recycling la the 

cooalderatlon that the lead content in trapa would be too high for conventional eteel 

scrsp saelting snd aitftt thus pose s solid asste diapoeal problea. 
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r.    «»diictlon of L—J I.«T«1» In C—ollii« »m  «p AlterMtlw to t—d Tr«p« 

I. toductloo of l—d L«T«1« In Caaollna 

HhUa the nallabUtty of iMMi-frae gMolia*. loM than O.OS t/S^-. U 

rcsnlatad for moiul  197S cua using Icad-lntolarant ojddant catalytic convartara 

leaded (asollna «111 still be needed fot In-uae can and for cars with alternate 

pover ayatcas capable of •eating 197S to 1976 aalaslon atamlarda vttbout laad-lntolecanc 

systOH. EPA recently proaulgatad regulatloaa oo a atapwlaa reduction of lead cso- 

eantratlona In gaaollna to 0.3 g/gal. by January 1, 1979. 

Based on Sooner and Hoore'a data (ZS), EFA haa calculated that ra<tulriHante fot 

an unleeded grade of gasoline and the then propoeed lead reduction would require an 

additional Invastaant of $1.8 billion prior to 1980. Halntenanca of present octane 

ratlnga of leaded gaaollne would oeceaaltate uae of approximately 6Z eore crude oil 

la the absence of leed (24). Anticipated energy deficits due to the atepwlae reduction 

of lead In gasoline range froa EFA eatlnatae of 0.4Z crude (18) to average refinery 

eatlaates of IZ to l.SZ crude (1.5Z to 2.SZ gaaollne). Total deficits, fron ra- 

gnlatlona raqulrlng laad-free gaaollne (17) end froa regulatlona requiring atepwlae 

reduction of lead in gaaollne (18), are astlaated to be In the region of l.SZ to 2Z 

crude or approzl>ately 3Z loss in total gaaollne (24). 

Lowering cos^reaalon ratloe to allow uae of low octane fuel, aa effected for 

doaestlc vehicles since 1971, hsa Increaaad gaaollne conaunptlon by about lOZ with an 

attendant Increaae In crude oil requlrsneota. However, theaa Increnental costs are 

partially conpensated by the fact that unleaded gaaollne eaaentlally doubles exhaust 

systea life and Increases spark plug life by approzlaately SOZ (13). The basis for 

the requlreaent of the unleaded grade la Ita co^atlblllty with oxldant catalysts and 

dual oxidation-catalytic systeae which are scheduled for use In 1975 and 1976, 

reapactlvely. Apart froa problaae of non-regulated ealaslona, particularly of sulpbataa 

lAlefa can probably be controlled by deeulfurlsatloo with attendant coata, and of 



518 

43 

flstiaia and pallilliM. thar* ara usraaolTad qoaatlaaa aa to ttaa daonblllcy. par- 

fetaaace ao<l aalntraanra of tha catalytic oesvaxtaza. Iha ii^act of thaaa aavatlvc 

"trade-offa" la atrengtbened by the fact that naa of con*cTtcra aay dlacoozaae Bora 

coat-«ffactl«e aathoda of dacraaalsg laad oadaalona. H*awner, glvan aatlafactozy 

parfoiaanca of comrtcra, tbalr oac, at laaat on an Interla baala, vlll achlcwa 

tlia objactlvaa of tha Clean Ux Act, allovlng dermliiiMi iit and latrodnctlon of 

afflelant alternate poaar ayatOM laaa dependent on cnabuatlon ratloa. 

Tha iapact of lead reduction regulatlona in the total gaaoliae pool vonU W 

partly a fonctlon of tine actaednlea. A redaction aehedule to approxinately 1 g/gal. 

o*«r three years noold nlnlalze inpacts and allow orderly reahlftins of refinery 

operations. A sndden renoral of laad noold, hoaaver, produce draaatlc foal ahortagaa. 

ia tama of an overall reduction of available gaaoline si^pllea by aa anch aa lOZ. 

Octane ratlnga could be nalnralnrd by addition of increased levels of aroaatlcs, 

recognizing that this vill require increaaed aaoonta of crude oil proceaaea to neat 

gaaolins daaands. 

Hhlla it ia raeognlced that there la a linear relationship betaaen fuel 

aroBatlca and ezhauat polynnclear aroaatic hydrocarbon ealasiona, theae coold be llsited 

by oilaslon oontrol devices. Nhile Increased fuel aroaatica raault in increaaed fuel 

polynucleara, the increases were saaller, both relatively and abaolutely, with 

aatssioo control syatsas (7); currently, autoaobile eaiasioos account for leas than 

2X of total polynnclear csiaalona. Increaaed fuel aroaatica alao raault In Increaaed 

SKiaslons of phenols and aroaatica, but not of aliphatica and aldehydaa (7, 10); again, 

thase are controllable by ealssion devices. The exhaust photochemical reactivity 

followlag a lOZ aroaatic increaae In gasoline appears Insignificant (10) ; any poaalble 

Increaaes in reactive aroaatic ealasiona would be offset by decreased oleflo 

aalaaiona due to coaplaaentazy reduction In olafln and paraffin content of the aodlflad 

gasoline. 
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2. D— of AltTii«tlT« totl-Knocfca 

Tha nu of altomatlT* anti-knock coapounds, particularly ^thyl 

cfdopenCadlenjl nanganfaa trlcarbonyl (7, 26, 27) la na« racalvlss further conaU- 

•ratlon aa an •ItematlTO, rathar than aa a anppleaental, anti-knock. Whila 

•anganeaa la leaa coat-affactlv* than lead. It can be uaed either In lead-free fuel 

oi aa a lead auppleBent. Hhcn oaad alone •• a prlnary anti-knock, recoaaended levela, 

a* nancaneae, are O.OS to 0.12S g/gal. (28), Concantratlona of 0.12S g/gal. 

•anganeae or of 0.5 g/gal. lead produce equivalent octane rating lacreaaea of 2 BOH. 

TSm  area of toat-balance^for aanganeae-lead coablnatlona occura when manganeae con- 

cantratlona of approxlnately 0.1 g /gal. are uaed with high lead concantratlona, aore 

than 2 g/g«l. 

It appeara that aanganaae partlculatca are principally ealtted aa tta^O and 

that tha percentage calttad veraua the percentage burned and the alie dlatrlbutlon 

of —"It-"-** partlcnlatea are alallar to corraapondlng valuea for lead antl-knocfca 

(28). Thoa, It nay be anticipated that trap technology vlll be aa effective for 

•anganeae aa for lead. 

Effecta of aanganeae on engine durability are coaplex (27, 28). Small laounta 

of aangaaeae In leaded fuel decreaae valve life by about 251,  but thla can be over- 

coaa «lth phoaphoiua addltlona or by Increaalng aanganeaa concantratlona vhlch then, 

koaavar, reduce apark plug Ufa. It la dalaed, on the baala of Halted alleage road 

teata, that aanganaae et concentratlona of 0.125 g/gal. haa no adverae effecta on the 

perforaance of aonollthlc oxldant catalytic convertera (27). However, extended aodel 

teata, ualng 0.25 g/gal. aanganeae, deaonatrate back-preaaura effecta due to aechanlcal 

plugging of catalyata by tha non-volatlla aanganeae oxldea (18). Ethyl la reported to 

be corrently developing a hardware approach to obviate plugging probleaa In aonollthlc 

catalyata; additionally, EPA la atudylng thla problea In headad catalyata of tha CM type 

(2*). 
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TlM prasant pToductlon of Banganeaa fual addltlva* Is iboat 1 allllon lbs. a 

Tear, of vhlcb appTozlaately 90X ia  ua«d for statloiiaTy •ourcaa and lOZ for •obllf 

•ouTcca (25); Ita projectad osa aa a prlaaxy aatl-knock ID gaaollna In tbe oast fa« 

years Is about IS allllon lbs. annually. In viat of tbla antlclpatad Incresaa, tbe 

problea of Increaaad naaganeaa ealsslons froa aablle sources needs crltlcsl conald- 

aratlon.  It baa bean eatlaated by Industry that wldaapraad uaa of """i*"—* could 

produce Incraaanta In aedlan aafclsnt urban air levels froB 0.05 to 0.2 ug/a (27). 

Hovaver, EPA astlaatea, baaed on nodal considerations. Indicate that larela as high 

aa 1 to 5 vg/w?  could be reached In traffic corridors (29), It ahoold be recalled 

that TLV lerela for occupetlonal expoaure to •angsneae are 5 ag/a - While expoeure 

to hlg)i levels of aanganese la recognised as an occupational cauae of pneiaonltla 

and a Parklnsonlsn syndroae (30), the aergla of safety for large urban populatlona 

near traffic corridors following large scale uae of aanganaee anti-knocks baa not 

yet been defined. The poealble catalytic oxidation of ataospherlc SO by high levels 

of aanganese, which hss been dalaed to be negligible In prellalnary aodel studies 

(31), slso requires further consideration, aa doea the poealble adverse ef fecte of 

aanganeae on the parforaencc of ozldant catalysts. 
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IV.       POUCY OPTIONS 

There are various policy options with regard to reducing automobile lead 

emissions. 

A.        Reliance on Regulations on Lead-free Gasoline 

Regulations requiring the availability of lead-free (less than 0.05 g/gal.) 

and phosphorus-free (less than 0.005 g/gal.) gasoline of at least 9I-octane, 

minimalty one grade to be available at all gasoline stations for 1975 and subse- 

quent model year cars, were promulgated In the Federal Register on January 10, 

1973.   These regulations were predicated on the anticipated use of lead-intoleiant 

oxidation catalysts to meet the requirements of the 1970 Clean Air Act Amendments 

for hydrocarbon and carbon monoxide emissions. 

Reliance on regulations requiring the availability of lead-bee gasoline 

alone will not necessarily achieve a major immediate reduction in lead emissions. 

Apart from In-use vehicles using leaded gasoline, it is likely that alternate 

power systems, such as rotary and stratified charge^using leaded fuel and capable 

of achieving 1975-76 standards without   catalysts,   will become generally avail- 

able in the early future.   The use of.manganese anti-knocks in lead-free gasoline, 

needs careful examination with regard to non-regulated emissions, particularly 

of manganese (see Section III, F 2), and with regard to possible adverse effects 

on catalyst performance. 

"Trade-offs" for the introduction of lead-free gasoline and catalytic con- 

verters Include high Investment costs.   Additionally, there will be a high fuel 

economy penalty when the 1976 statutory standards for hydrocarbons, CO and 

NO^ are implemented by the use of catalysts requiring lead-free fuel; however, 

alternate power systems offer the opportunity of achieving these statutory 

standards with leaded fuel without a significant fuel penalty.   It must be 
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recognized that If the 1975 Interim emission standards are continued In future 

use, a minor fuel economy benefit would be realized compared to 1974 economy 

levels.   An additional fuel penalty of approximately   1% In gasoline production 

would result from   desuIfurlzatlon of gasoline, to reduce sulphate emissions 

from catalyst-equipped vehicles; such emissions may pose serious public 

health hazards and thus challenge the basic premise of the Clean Air Act. 

Additional, but more uncertain   trade-offs Include the possibility of other non- 

regulated emissions from oxldant catalytic converters, particularly of  platinum 

and palladium, and the possibility of poor performance of converters under 

conditions of general use.   However, given satisfactory performance of conver- 

ters, the potential negative impact of s(»ne of these trade-offs may be minimized 

by policies reconglzlng the possible Interim nature of their usage, pending the 

resolution of outstanding technological and public health questions on converters 

and on a Itemate power systems. 

B.       Promulgation of Regulations on Reduction of Lead in Gasoline 

Regulations providing for the reduction of lead in all grades of leaded 

gasoline were proposed in the Federal Register on February 23, 1972, providing 

for a maximum of 2 g/gal., effective January 1, 1974, and also for a phased 

reduction to 1.25 g/gal. by January 1, 1977.   These regulations were re-proposed 

In the Federal Register on January 10, 1973, deferring the reduction schedule by 

one year, and promulgated on December 6, 1973, requiring a stepwise reduction 

of maximum lead levels in the total gasoline pool to   0.5 g/gal. by January 1, 

1979.   New York City has already Imposed the most stringent restrictions in the 

U.S. leading to a complete phase-out of lead In gasoline by January I, 1974. 

{ 
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Tbes« requlations, together with the avallaUUty of lead-free gasoUne for 

1975 model year cars, are likely to achieve EPA stated objectives of 60% to 65% 

reduction In lead emissions by 1979.   These projections are based oa current 

national average lead concentrations ol 2.2 g/gal., tanging boa 2 to 3.6 g/gal. 

However, these estimates Ignore emissions trom re-entrained lead currently 

stored In the exhaust systems and engines of In-use vehicles; this may be 

significant, particularly in the first year or two following implementation of the 

'phase-out* regulations. 

The promulgated reduction schedule of December 6^973, would minimize 

adverse impacts on fuel availability and allow orderly reshifting of refinery 

operations in order to meet Increased aromatic requirements.   Estimates on the 

adverse impacts of fuel availability, however, vary widely from EPA values of 

0.4% crude (1% gasoline) to estimates of 15% crude by PPG; refinery industry 

estimates are In the region of 1% to 1.5% crude.   Tota I energy defl cits, from the 

January 10, 1973 lead-free regulations and from the IDecember 6, 1973 regulations on 

stepwlse reduction in lead, would be correspondingly greater (See III Fl), although 

estimates for this vary widely. Octane ratings could be maintained by Increaslog 

fuel aromatics in parallel with the lead reduction schedule.   Resulting increases 

in polynuclear aromatic hydrocarbon emissions could be effectively reduced in 

parallel with the required emission reductions 

C.       Use of Lead Traps 

Several trap systems have been developed and tested, partlcularty by Ou Pont, 

which are efficient and practical and which can be retro-fitted or adapted to new 

cars.   These do not require owner maintenance and extend typical current muffler 

life from approximately 38,000 to 100,000 miles.   Itaps are a highly cost-effective 
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method of reducing lead emissions without any attendant fuel penalties and without 

any need to alter cuirent refining capacities.   They can be used to retro-fit in-use 

velUcles, using gasoline leaded at current average concentrations of 2.2 g/gal. 

or at projected 1979 levels of O.S g/gal. In the total gasoline pool, in accordance 

with the EPA regulations promulgated on December 6, 1973. 

While it is recognized that the EPA Administrator does not appear to have 

the authority to prescribe lead emission standards for other than new vehicles, 

an alternate lead abatement strategy could be deveIo|>ed requiring trap systems 

in all replacement mufflers;   at relatively low costs, most tn-use vehicles could 

be fitted with traps in the next few years.   The cost-effectiveness of traps for 

new cars with alternate pou'er systems appears greater than for In-use vehicles. 

Performance standards, in terms of lead or total particulate emissions levels, 

could be promulgated to achieve desired reductions in lead emissions. 

Emission standards could be developed for lead or more simply for total air- 

diluted partlculates, e.g., 0.01 to O.OOS g/mile.   A general particulate standard 

would not only act as a performance standard for traps, but would also regulate 

various *non-regulated* emissions. Including lead, polynuclear aromatics, 

aldehydes and pheonols.   Emission standards could be designed to yield ambient 

air lead levels in the region of 2 yg/m^ or less: currently proposed California 

ambient standards are 1.5^g/m^.   Total particulate standards could also be 

applied for in-use vehicles In certain regions, e.g., in Air Quality Control 

Regions, where ambient air quality standards could not otherwise be achieved 

without additional transportation controls.   These could be enforced when worn 

mufflers are replaced or when in-use cars are sold. 
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Apart from the cost effectiveness of traps for the consumer, their use 

would preclude or limit refinery construction costs and costs of alterations In 

refinery capacity necessary to produce non-leaded high octane-fuels.   The long- 

tenn need for high octane fuel will, in all likelihood, diminish progressively 

with the further development of alternate propulsion technologies less dependent 

on compression ratios and fuel-bumlng qualities than are conventional Internal 

combustion engines. 

The use of traps with required performance standards Is likely to achieve 

a greater reduction In lead emissions than that achievable by the "phase-out" 

regulations, particularly if lead-tolerant alternate power systems are Introduced 

Into the domestic market In addition to catalyst-equipped vehicles.   It must 

also be emphasized thata mudi more dramatic reduction in lead emissions would 

be effected by retrofitting traps on In-use vehicles, additionally.      It is 

difficult at this stage to make comparisons regarding the relative effectiveness 

of traps versus "phase-out" regulations for the early 1980's, due to uncertainties 

as to the anticipated ratio   of the number catalyst-equipped vehicle to lead- 

tolerant alternate power system vehicles.   Assuming a high percentage of alternate 

power system vehicles using leaded fuel at 0.5 g/gal., then lead emissions 

will still be relatively high in the early 1980's and will Increase with increased 

marketing of such vehicles. 

D.       Use of Lead Traps in Conjunction with the "Phase-Out" Regulations 

An option which merits consideration, particularly from a long-term standpoint, 

could be the use of traps in addition to the "phase-out" regulations.   This 

could be the optimum solution for reducing lead emissions, besides other 

partlculate emissions, and for maintaining effective reductiona in mobile source 

lead emissions over the next decade or so. 



Mr. ROGERS. Thank you so much for your presence. 
Our last witness here is Mr. Clarence Ditlow, the Public Interest 

Research Group, Washington, O.C. Wfi will need to finish soon, 
because we will be called to a quoi am befoie long. 

Mr. Ditlow, we welcome you to the committee. If you can point up 
the things you think this committee ought to hear quickly, your full 
statement will be made a part of the record. 

STATEMENT OF CIAEENCE M. DITLOW, PUBLIC INTEBEST 
RESEABCH GROUP 

Mr. DrPLOw. Yes. I will abbreviate for purposes of expediency. 
First, we think it is inappropriate to consider adding to the present 

energy emergency bill any proposals to weaken automobile emission 
standards in 1975 or later model years. No change in the auto emission 
standards will ease the crisis this winter. Regarding next winter, the 
evidence indicates that the use of catalyst technology to meet 1975 
standards will produce a significant fuel savings. Thus, we come to the 
question of what, if anjiihing, should be done about the 1976 model 
year. This we submit is a question that cannot be adequately addressed 
in the few weeks that Congress is devoting to the many complex issues 
in the energy emergency legislation. 

With respect to the substance of the proposals before the committee, 
we oppose any change from the present schedule for the emissions 
standards of 1975 through 1977. Smce these standards are essential to 
the achievement of healthy air quality, they should not be delayed 
unless the need to delay exists, a need which outweighs public health. 
In our view, no need has been shown. 

We are glad to see the growing recognition that cars do, indeed, use 
too much energy; but autos use too much fuel primarily because of 
their increased usage. Between 1950 and 1970 energy consumption 
increased 171 percent. Only 11 percent of this consumption was due to 
decreases in fuel economy. Thus, reducing auto use, especially in urban 
areas, offers major energy conservation potentials. For example, it has 
been calculated that more than 13 billion gallons of gasohne could 
have been saved if 40 percent of urban auto travel in 1970 had been 
shifted to public transportation, with an additional 10 percent of the 
short trips made on foot or by bicycle. If any Federal program needs 
to be questioned given the energy crisis, they are those such as the 
Federal Aid to Highway program, which assume and cause ever 
increasing auto use. 

Large energy sa\'ings are possible through improved fuel economy 
also. Major improv^ements in fuel economy are possible by reducing 
vehicle weight. EPA calculates that reducing auto weight to a 2,500 
pound maximiun could save 2.1 million barrels of crude oil per day in 
1985. Auto equipment changes offer additional savings. The issue is 
what equipment should be the first target for change. We submit that 
it is an indefensible policy to ban new emission control equipment 
which protects health before prohibiting existing luxury equipment, 
which wastes even more gas. 

Accordingly, we recommend if this committee decides to act now to 
improve auto fuel economy, it do so by prohibiting installation of 
luxury equipment on new cars and not by delaying installation of 
emission devices. Specifically, we recommend the prohibiting of the 
use   of   air-conditioners   in   new   cars.   EPA   estimates  that   air- 
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conditioning a car can cause as orreat as a 20-i)ercent fuel penalty in 
summer stop and go driving conditions and cites average fuel penalty 
for the use of air-conditioners in cars as 9 percent. Chrysler Corp. has 
observed a 15-percent fuel penalty. For purposes of this discussion I 
will assume a mid-range penalty of 12 percent. In 1972, 70 percent of 
all cars were e(iuii>i5ed with air conditioning with a sales weighted fuel 
penalty for that year of 8.4 percent. Assuming the same percentage of 
air conditioners would be installed on approaching model years, which 
is indeed a conservative estimate because they have been increasing 
significantly each year, a decision not to install air-conditioners would 
improve fuel economy by l.'i.S percent for each car and 9.2 percent for 
the fleet as a whole. 

If we assume that air-conditioners are in use from one-third to one- 
half the time, then the avera^re fuel economy gain will be from 3.1 to 
5.4 percent. This means that beginning in 1975 the Nation could save 
anywhere from 380 to BoO million gallons of gasoline in the firet year, 
1.0 to 1.8 million gallons per day; during 1976 it increases up to 1.2 
billion gallons of gasoline, which is the equivalent of 3.4 million gal- 
lons per da}'; and for 1977 the savings would reach 1 to 1.8 billion gal- 
lons of gasoline, which is 2.8 to 4.9 million gallons per day. 

But this is just one of several equipment changes that can save fuel 
without endangering health. Items such as the power sunroof, power 
windows, power seats, or power bi'akes might be additional candidates. 
The use of radial tires rather than the normal bias-ply tires can im- 
prove fuel economy an additional 3 percent. 

Any fuel economy gain accomplished by delaying 1976 emission 
standards is equalled or exceeded by the fuel economy gain from not 
installing air-conditioners. Using GM data a car meeting 1976 stand- 
ards would get about 0.4 miles per gallon less than a car at the interim 
1975 levels, or about 3 percent poorer fuel economy. Thus, keeping 
the standards at the 1975 levels rather than 1976 would be no more 
effective and quite possibly less effective in conserving energy than not 
installing air-conditioners. More importantly, delaying the emission 
control equipment would have an adverec public health impact. 

Thank you. 
[Testimony resumes on p. 546.] 
[Mr. Ditlow's prepared statement and attachments follows:] 

STATEMENT OF CLABENCE M. DITLOW, PUBLIC INTEREST RESEARCH GROUP 

Thank you for your Invitation to testify before tliis committee. First let me 
state that we think that it is inappropriate to consider adding to the present 
energy emergency bill any proposals to weaken automobile emissions standards 
in 1S)75 and later model years. No change in any auto emission standard will 
ease the energy crisis in the least this winter. Regarding next winter, the evi- 
dence indicates that the use of catalyst technology to meet i>resent'ly scheduled 
1975 standards will produce a sigwiflcant fuel saving. Tims, we come to the 
question of what, if anything, !>houId be done about the standards scheduled 
for mo<lel year 1976. This, we submit, is a question that cannot be adequately 
addressed in the few weeks that Congress is devoting to the many complex issues 
in the emergency energj- legislation. Any decisions made on the auto standards 
will fix the iKjUution levels for cars that will l>e on Hie roads for 10 years. A 
decision with these consequences should be sul)jec't to more than a few days' 
noti<-e and one afternoon of hearings. Since a change in the scheduled 1976 or 
1977 standards would not even be api)lical)le for 2 to 3 years there is no need to 
consider such changes in the i)re.sent crisis-charge<i atmosphere. 

With respect to the substance of the proposals liefore the committee, we 
opi)08e any change from the pre.sent Rche<l\ile for emissions standa'rds for 1976. 
1976, and 1977. Since these standards are essential to achievement of benlrhful 
air quality In our cities in the near future, they should not be delayed unless a 
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need to delay—a need wliich outweighs human health—is shown. In our view 
no one has yet shown any such need. The argument of the day is that such delays 
might be required to deal with the energy crisis. I^et us examine that. 

We are glad to see a growing recognition that cars do Indeed use too much 
energy. However, making emission control devices the first area of concern indi- 
cates a topsy-turvey set of priorities. Autos use too much fuel both because of 
excessive use and because of the way they are built and equipped. Between 
1850 and 1970 annual auto energy consumption increased 171%. Eighty-nine per- 
cent of this increase was caused just by growth in auto use; only 11% was due 
to decreases in fuel economy.' Thus, reducing auto use, especially in urban areas, 
offers major energy conservation iwtential. For example, It has been calculated 
that more than 13 billion gallons of gasoline could have been saved if 40% of 
urban auto travel in 1970 had been shifted to public transportation, with an 
additional 10% of the mileage (the very short trips) made on foot or by bicycle.' 
El'A's transportation control plans will help to achieve energy savings through 
reduced auto use. Congress can make further gains by pressing for enactment 
of mass transit operating .subsidies, overriding a presidential veto if necessary. 
If any Federal programs need to be questioned, given the energy "crisis," they are 
those such as the B>deral-aid highway program, which assume and cause ever 
Increasing auto use. Suspend the highway trust fund, not the Clean Air Act! 

Large energy savings are possible through improved fuel economy also. Major 
Improvements in fuel economy are possible by reducing vehicle weight. EPA 
calculates that reducing auto weights to a 2,r>(:0-pound miixlmum could save 2.1 
million barrels of crude oil per day in 1985. Auto equipment changes offer addi- 
tional savings. The issue is what equipment should be the first target for changeV 
Mr. DIbona asks that we drop tighter emission controls first. We submit that it 
is indefensible policy to ban new emis.sion control equipment, which protects 
health, before prohibiting existing luxury equipment which wastes even more gas. 

Accordingly, we recommend that if this committee decides to act now to 
Improve auto fuel economy, it do so by prohibiting Installation of luxury equip- 
ment on new cars and not by delaying installation of emission devices. Specifi- 
cally, we recommend prohibiting the use of air conditioners in new cars. EPA 
estimates that air conditioning a car can cause as great as a 20% fuel penalty 
in summer stop and go driving conditions and cites average fuel penalty for the 
use of air conditioners In cars as 9%.' Chrysler Corporation has reportedly 
observed a 15% fuel penalty on cars using air conditioning in urban driving. 
For purposes of this discussion, we'll assume a mid-range penalty of 12%. 
Since 70% of all new cars in 1972 were equipped with factory-Installed air condi- 
tioning, the sales-weighted average fuel penalty for the 1972 model year produc- 
tion was 8.4%. Assuming the same percentage of air conditioners would be 
installed on approaching model years, a decision not to install them would 
improve fuel economy 13.8% for each car which would have been equipped and 
9.2% for the fleet as a whole. 

Since we assume that not all owners of air conditioned cars run their air 
conditioners all the time, the average fuel economy gain on an annual basis 
will be less than these figures. If we assume (conservatively, we feel) that air 
conditioners are in use from one-third to one-half of the year, then the average 
fuel economy gain will be from 3.1 to 5.4%. If an auto air conditioner mora- 
torium were begun for the 1975 model year the Nation could .save from 3S0 to 
656 million gallons of gas in the first year (1.0-1.8 million gallons/day) ; during 
the 1976 model year between 725 million and 1.2 billion gallons could be saved 
(2.0-3.4 million gallons/day) : for 1977 the savings would reach 1 to 1.8 billion 
gallons  (2.8-^.9 million gallons/day). 

This is just one of several equipment changes that can save fuel without 
endangering health. Items such as the power sunroof, power windows, power 
seats, or power brakes might be additional candidates. The use of radial tires 
rather than normal bias-ply tires can improve fuel economy an additional 3%. 

Any fuel economy gain accomplished by delaying 1976 emission standards 
la equalled or exceeded by the fuel economy gain from not installing air con- 
ditioners. Using General Motors data a car meeting 1976 standards would get 
about 0.4 miles per gallon better than a car at the interim 1975 levels, or about 
3% better fuel economy. Thus, keeping the standards at 1975 levels rather than 
1976 would be no more effective and quite possibly less €>ffective in conserving 
energy than not Installing air conditioners. More importantly, delaying the 
emission control equipment would have an adverse public health impact. 

* E. Hirst nnd R. Horondw^n. "TotftI Enprcv Domnnd for Antomobllps.*' Pftp^r presented 
at Society of Automotive Engineers. Anniinl Meetlnp. Detroit, .Tnmmry 1973, at p. 5. 

* Mem., n. 0. 
* U.8. EPA, Ji Report on AutomobUr Fuel Economy, October 1973, at p. 16. 
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If the choice must be made on limiting auto equipment use to save energy, 
vote to give the public clean air over cold air. 

AIR CONDITIONER INSTALLATIONS 

1972 model year 

Percent of 
1972 air- 

Percent   conditioner 
Unit total   of output installations 

1971 model year 

Percent ol 
1971 air 

Percent     conditioner 
Unit total   of output  installations 

9.47 
1.39 
.10 
.88 

3.82 
6.19 
3.02 
.26 

4.84 
.88 

1.70 
.21 

2.05 

501,166 
64,681 
4,646 

76,687 
207,330 
353,344 
136,982 
10,840 

260,041 
9,626 

91,919 
12,566 
85,930 

39.89 
26.60 
29,60 
56.40 
82.90 
28.13 
89.70 

100.00 
20.70 
34.20 
62.60 
48.20 
87.90 

.82 

.23 

.13 

.34 

.23 

16.21 

10.67 
1.38 
.10 

1.63 
4.41 
7.52 
2.92 
.23 

5.54 
1.48 
1.96 
.27 

1.83 

American Motors  125,181 48.31 2.09 82,303 33,63              1.75 

Ambassador  40,912 92.22 .68 38,766 93.00 
Hornet  26.509 37.31 .44 10,747 14.40 
Gremlin  16,489 26.72 .28 6,042 11.30 
Matador-Rebel  27,132 49.49 .45 15,771 34.40 
Javelin-AMX  14,139 52.03 .24 10,977 37.70 

Chrysler Corp  856,759 eTsi uTil 761,207 60.59 

Chrysler-Plymouth Division  566,769 65.57 
Valiant  83,084 32.40 
Barracuda  6,365 34.50 
Satellite-Belvedere  52,583 64.70 
Fury  228,308 85.00 

Total Plymouth  370,340 57.83 
Chrysler  180,635 93.10 
Imperial  15,794 100.00 

Dodge Division  289,990 60.83 
Dart  52,907 41.30 
Coronet-Charier  101,754 68.70 
Challenger  12,505 46.90 
Polara  122,824 88.60  

Ford Motor Co  1,555,539 66.67 25l7 1.335,575 STTS             28.43 

Ford Division  1,147,596 62.98 19.16 1,026,462 53.36 
Torino-Fairlane  245,311 68.10 4.10 153,813 50.80 
Ford.  680,039 85.60 11.35 700,628 80.60 
Mustang  60,670 48.50 1.01 54,893 40.54 
Thunderbltd  57.178 98.90 .95 33,117 98.05 
Maverick  40,399 29.50 .68 52,025 20.40 
Pinto  63.999 18.40 1.07 31,986 9.78 

Lincoln-Mercury Division  407,943 79.53 6.81 309,113 72.23 
Lincoln  45.969 lOO.OO .77 35,551 100.00 
Mark IV  48,591 100.00 .81 27,091 100.00 
Montego  103,075 76.30 1.72 33,286 58.30 
Utaroiry  137,665 93.50 2.30 146,117 90.00 
Cougar  43,606 81.20 .73 47,148 75.00 
Comet  29.037 35.30 .48 19.920 23.99 

General Motors  3,450,494 74.62 57.61 2,517,451 69.31             53^59 

Buick Division  594,597 87.45 9.93 462,115 83.80 
Buick  391,827 93.10 6.54 301,082 90.33 
Riviera  33.397 99.02 .56 33.233 98.29 
Century  169,373 75.16 2.83 127,800 69.43 

Cadillac Division  264,290 99.64 4.4t 185.460 98.37 
Cadillac  224,302 99.58 3.75 158,202 98.16 
Eldorado  39,988 99.79 .67 27,258 99.60 

Chevrolet Division  1.371,192 60.36 22.89 983.805 55.67 
Chevelle  224,711 62.80 3.75 203,809 55.27 
Nova  96.526 26.23 1.61 38.449 19.73 
Chevrolet  766.390 84.54 12.80 549,107 81.16 
Corvette  17,266 63.79 .28 11,481 52.66 
Camaro  31,737 46.23 .53 42,537 37.11 
Monte Carlo  149,321 91.56 2.49 98,412 87.40 
Vega  85,241 21.83 1.42 40,010 14.41 

Oldsmobile Division  656,241 86.55 10.96 461,900 82.42 
Cutlass  260.424 77.84 4.35 192,772 72.99 
Oldsmobile  347,353 92.70 5.80 240,297 89.98 
Toronado  48,464 99.11 .80 28,831 98.52 

Pontiac Division  564,174 79.80 9.42 424.171 72.28 
Pontiac  309.618 90.45 5.17 227,142 86.93 
LeMans-Tempest  120,109 70.65 2.01 100,562 60.71 
Firebird  19,961 66.64 .33 30,494 57.39 
Grand Prix  88,941 96.71 1.48 55,157 94.56 
Ventura II  25.545 35.09 .43 10,817 22.31 

Checker Motors  1,001 19.13 r02 805 16.80 

Total  5.988.974 70^00 

21.85 
3.27 

14.91 
1.17 
.71 

1.11 
.68 

6.58 
.78 
.58 
.71 

3.11 
1.00 
.42 

9.84 
6.41 

.71 
2.72 
3.95 
3.37 
.58 

20.94 
4.33 
.82 

11.69 
.24 
.91 

2.10 
.85 

9.83 
4.10 
5.12 
.61 

9.03 
4.84 
2.14 
.65 

1.17 
.23 

.02 

100.00   4.697.341        62.40 100.00 

Note: Ford Division volume figures were derived by applying percentages based on North American-built cars sold in 
the United States to U.S. Ford Division production. Lincoln-Mercury and Chrysler Corp. volume figures were derived by 
applying the installation rate of the respective companies' North American production to their U.S. output. 
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U.S. ENVIEONMENTAL PBOTECTION AGENCY, 
NATIONAL ENVIBON MENTAL RESEARCH CENTEE, 

Reaearoh Triangle Park, N.C., November 15, 1973. 
Subject: BvalnaMon of Health Basis for Japanese NOi Standard. 
From: OD/HSL. 
To: Director, NERC/RTP. 

The Japanese NOi standard was recently established at 0.02 ppm (38 ;ig/m') 
24-hour maximum. This standard is considerably lower than the U.S. primary 
ambient air quality standard of 100 Mg/m" (0.05 ppm) annual average, which 
would project to 250/tg/m' (0.13 ppm) 24-hour maximum. Thus the Japanese NOi 
standard is approximately 6 to 7 times more stringent than the equivalent 
U.S. standard. 

The Japanese NOi standard appears to be based on two epidemlological 
studies: (1) a study of chronic bronchitis in male local government workers in 
the Tokyo metropolitan area from 1968-1970, and (2) a study of chronic 
bronchitis among housewives age 30 or more living in six localities throughout 
Japan, conducted during the Winter of 1970-1971. The full reports of these two 
studies are not as yet available in the U.S., but the results are summarized In 
Reference 1. My comments are necessarily limited to the data available in this 
summary report. 

In the Tokyo study, the prevalence rate of chronic bronchitis was found to be 
5 percent in those areas where the annual NO> concentration was 0.042 ppm 
(79 Mg/m") while sulfur dioxide was below 0.05 ppm (130 ^g/m'). In non-polluted 
Japanese communities, chronic bronchitis prevalence rates did not exceed 3 per- 
cent. These prevalence rates are found only among nonsmokers in the U.S. 
Bronchitis prevalence rates among smokers vary from 10 percent in light to 
20-25 percent In heavy smokers. Therefore, I assume that only nonsmokers were 
Included in the Tokyo survey. The summary report provides no information on 
Important population determinants of chronic bronchitis, such as age, smoking, 
occupation, social class and residential history. Even If these determinants were 
accounted for, it would be difficult to attribute the 2 percent excess bronchitis 
rate observed in Tokyo to current NOj concentrations. We know from other 
epldemlologie studies of air pollution health effects in Tokyo that concentrations 
of partlculate matter and sulfur dioxide during the 1960s were far In excess of 
the U.S. national primary standard. Cumulative exiwsure to these high levels 
would be a more likely cause, or contributor to, the observed excess bronchitis 
rates. Furthermore, even if other pollutant levels were not greatly elevated, the 
excess chronic bronchiti.s rates should be associated with annual averaging times 
rather than a 24-hour maximum, since most epidemiologic evidence implicates 
cumulatle, long-term exposures as the causal agent in chronic bronchitis. 

In the 6 region housewife survey, pollutant concentrations were determined 
during a three month period, in the Winter of 1970-1971; measurements were 
obtained for 8-72 hours during each month, for a maximum of 9 days during 
the 90 day study period. The following respiratory symptom rates and pollutant 
concentrations were reported in the survey report. 

Location 

Sakara 
City, 

Chiba Ichihara 

Tonda- 
bayashi, 

Osaka 
Fuse, 

Osaka 

Fukuoka- 
West, 

Kyushio 
Ohmuta, 
Kyushu 

Cough (percenl)  3.5 4.8 
5.3 

.013 

.027 
352 

3.0 
4.3 

.017 

.013 
111 

7.9 
II.O 
.077 
.050 
350 

5.8 
12.3 
.042 
.010 

183 

9.4 
Phlegm (percent)         4.1 11 0 
NO: (parts per million)  
SO! (parts per million)  
TSP/»g/m>  

 015 
 024 
               196 

.020 

.042 
498 

Chronic bronchitis prevalence rates exceeded 5 percent only in those areas 
In which N'Oj concentrations were .042 ppm or above. However, total suspended 
particulate (TSP) concentrations vere very high, ranging from twice to six 
times the U.S. primary standard. 

The correlation coefficient between prevalence of persistent cough and phlegm 
and each pollutant are as follows: 
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Correlation with 
Pollutant lumptom prevalence 
NOi     0. 71 
SO,  0. 68 
TSP  0. 65 
NO  0. 88 
NO+NO,       0. 85 
CO   0. 82 

These correlation coefficients do not greatly differ from one another and 
Indicate that the pollutant-disease association cannot be ascribed to NOi alone. 
Given the high concentrations of TSP, and the relatively low levels of other 
pollutants, one would tend to incriminate particulate matter (or some correlate 
such as suspended sulfates and/or nitrates) as the offending agent. 

We are given no information on past exposures in these communities. Further- 
more, a sampling frequency of 1 in 10 days for a three month period Is unlikely 
to provide a reasonable estimate of average XOj concentrations. Likewise, the 
chronic bronchitis experience should be related to long-term cumulative exposures 
rather than to a 24-hour maximum level. Information on other determinants 
of bronchitis frequency is lacking and would be particularly important in a 
survey of six disparate communities. The original and complete reports of these 
surveys may contain the additional information. Until more data are available, 
the association of excess bronchitis rates with maximum 24-hour NOj concen- 
trations of 0.042 ppm or above should be held as suppositional, at best. As in 
the Tokyo study, past high exposures to SOj and particulates are more reason- 
able correlates of excess bronchitis in the more polluted communities. 

Available Japanese data, therefore, do not warrant a change in the U.S. 
national primary standard. Even if the effect of other pollutants and of other 
disease determinants were discounted, the Japanese data would suggest under 
worst case assumption.s an association of excess bronchitis with annual mean 
rather than maximum one-hour XOj concentrations of 0.042 ppm. The paucity 
of Information on study methods and monitoring techniques provides us only 
with qualitative data, or weak quantitative values; such data are clearly insuf- 
ficient as a basis for a precise standard. 

The value of the Japanese .studies lies in their qualitative confirmation of 
exiJerimental results in animals, namely, that \0> exposure can produce lung 
tissue changes .similar to that found in cases of human chronic respiratory disease. 
Heretofore, no human evidence on chronic bronchitis suii>ported the exijerimental 
findings. The Japanese results may also be interpreted, from the vlewiKnnt of 
protecting puiblic health, as a warning against any relaxation of NOi emission 
standards. If the Japanese data can be sclentiflcally acce|)ted and if additional 
studies support the chronic bronchltls-XO, a.ssociation, the 0.4 gram/mile XOt 
emission standard may be fully 8Ui>portable. Given our uncertainty. I believe that 
further reductions in XO> emission rates (below current 3.0 gram/mile levels) are 
both sensible and highly desirable from a public health viewi>oint. This con- 
tention is reinforced by our concern for the potential adver.se effects of the 
atmoarpheric degradation products of XOs, namely nitric acid aerosols and nitrate 
particles. Recent CHDSS surveys of asthmatics in New York have shown a 
signifloant correlation between daily nitrate, as well as sulfate, concentrations 
and asthma attack rates. Becau.se of the small size of nitrate particles, nitrate 
pollution Is likely to be an area-wide problem requiring more stringent roll-back 
of NOi emissions In order to achieve reductions in area-wide nitrate levels. 

CHESS studies are providing data on chronic bronchitis rates In relation.shlp 
to suspended nitrates, sulfates, XOn and oxidants. We cannot easily isolate the 
effects of any one of these i)Ollufants on chronic bronchitis prevalence rates. 
However, in the California CHESS areas, we may be able to discriminate l)etween 
the effects of daily XO2. nitrates, sulfates and oxidants on aggravation of illness 
in cardiopulmonary subjects and asthmatics. Tlie.se studies are In progress, and 
preliminary results should be available within 8 months. 

CARL M. SHT, M.D.. 
Director, Human Sfudieg Laboratory. 

Reference: 1. Report of the Expert Committee on Air Quality Criteria for 
Oxides of Xitrogen and Photochemlcol Oxidants. Central Council for control of 
Environmental Pollution, Sub-Council for Air Pollution Control, June 20, 1972. 
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STATEMENT OF CLABENCE M. DTTLOW, PUBLIC INTEREST RESEABOH GBOUP, BEFORE 
THE SENATE COMMITTEE ON PUBLIC WORKS—NOVEMBER 6, 1973 

Mr. Chairman, distinguished members of the Senate Committee on Public 
Works, thanic you for the invitation to express some comments on the Clean Air 
Act with particular emphasis on motor vehicle emissions. My name is Clarence M. 
Dltlow, III. I am a member ot the Public Interest Research Group, a group of 
lawyers, engineers and scientists established by Mr. Ralph Nader. 

When the Clean Air Amendments of 1970 were enacted, there was broad public 
expectation that the auto industry would begin to work in good faith to protect 
the citizen from the dangers associated with exposure of air pollution from 
motor vehicles by reducing the emissions thereof to the low levels required for 
1975 and 1976. Instead, misallocated research efforts and low priority within 
the domestic industry have led us to the critical point under consideration In 
these hearings—the vitality of tlie Clean Air Act in view of the seeming inaliility 
of the domestic manufacturers to develop a low-polluting, efficient propulsion 
system for the automobile. 

Under the suspension provisions of the 1970 Amendments, the major domestic 
manufacturers have obtained deferral of the statutory 1975-1976 standards until 
1976-1977. Close examination of the domestic industry's claims of technological 
Inability to meet the 1975 carbon monoxide (CO) and hydrocarbons (HC) 
standards strongly suggests the manufacturers used environmental blackmail 
tactics to obtain a suspension from the Environmental Protection Agency (EPA). 
When former Admini.'itrator Huckelshaus granteil the one year su.spension of 
the 1975 standard, he .stated : 

"The most compelling factor in my decision to require phase-in of catalysts in 
1975 has been the possibility raised by the evidence that if the automobile in- 
dustry attempts to install catalytic converters on its entire product line, without 
a scale-up period of limited mass production In which to gain experience, diffi- 
culties such as a shortage of vital parts or materials, inaccurate machining 
tolerances, or defects in assembly techniques will arise, and may well be severe 
enough to cause significant economic disruption." 

In commenting on the technical presentations of the auto manufacturers which 
had convinced him of this point, Mr. Ruckelshaus stated, "The company which 
has laid the most stress on this point [production problems] is General Motors." 
Some of the General Motors' testimony that Mr. Ruckelshaus relied on included 
the following dire statement: 

"[I]f GM is forced to introduce catalytic converter systems across the board 
on 1975 models, the prospect of an unreasonable risk of business catastrophe 
and massive difficulties with these vehicles in the hands of the public must be 
faced. 

"It is conceivable that complete stoppage of the entire production could occur, 
with the obvious tremendous loss to the company, shareholders, employees, sup- 
pliers, and communities. Short of that ultimate risk, there is a distinct possi- 
bility of varying degrees of interruption, with sizable dislocation."' 

Before two months had passed with the non-catalyst requiring interim stand- 
ards safely in hand, what did the prime opix>nent (General Motors) of the 
mandatory catalysts do? Merely announced the installation of catalysts across 
the board in 1975 according to a June 17, 1973, statement i)y General Motors 
President Edward N. Cole.' Where did the production problems go—the risk of 
business catastrophe and the entire stojupage of production? Perhaps they were 
never there in the first instance but were merely conjured up for the purj^se 
of obtaining a suspension concession from EPA. In any event the prophecies of 
doom have been reidaced by claims that would have been regarded as preposterous 
exaggerations at the least If they were made l>y the catalyst manufacturers at 
the BPA hearings—claims of fuel economy gains up to 20% and catalysts that 
are durable not for 25,000 or 50,000 miles but for the life of the oar. 

Having obtained the maximum possible suspension under the Clean Air Act, 
the auto manufacturers no%v want the Congress to further delay and weaken the 
statutory hydrocarbons (HC) and caiiion monoxide (CO) emission standards. 
Aside from the mi.srepresentations of the auto industry as to the effectiveness 
of emission control technology, this public health damaging request must be 
viewed In the historical context of tlie industry's refusal to develop and ai^y 

»BTPA Susppnslon HparltiB Transcript at 2»-.W. 
" The Statement was (riven In an Interview with Robert W. Irvln of the DrtroU NncK and 

wan reported In the Detroit Netrn on the Rame dav. A copy of thin article along with other 
articles describing OM's catalyst pro-am Is submitted for the record. 
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effective pollution control technology including alternatives to the traditional 
internal combustion engine. 
PoUutian control and the domestic auto industry 

Since the Forties, the auto manufacturers knew that their cars were related to 
the periodic smog which would occur in Los Angeles. In the early tlfties, inde- 
pendent scientists proved that auto exhausts contributed to photochemical smog. 
During the Fifties and early Sixties, California pollution control authorities 
demanded without success that auto manufacturers control their vehicle 
emissions. 

In 1969 the real reason for the auto industry's uniform uuwiUiuguess to dean 
ui) its engines came to light when the Justice Department filed an anti-trust suit 
against the domestic manufacturers and their trade association, the Automobile 
Manufacturers Association, for conspiring to restrain the develoi>ment and mar- 
keting of auto exliaust control systems since early 1953. The evidence brought 
together prior to this suit by a Los Angeles grand jury outlined the cross-licensing 
agreement and other close associations between these so-called auto competitors 
that forged this illegal, united front of inaction. The Grand Jury wanted to 
indict the companies but the Justice Department filed a civil suit instead in 
January 1969." In September 1969, the domestic auto ccmipauies entered into a 
consent agreement with the government agreeing never to engage in such a 
conspiracy again.^ 

Even where the auto industry puts emission controls on vehicles, it has 
attempted to impair their functioning. Thus EPA discovered the major domestic 
manufacturers were installing emission control defeat devices on their 1973 
vehicles. These '"defeat devices," under certain driving conditions or ambient 
temperatures, automatically disable at least part of the mandatory emission 
control system and cause higher emissions. Effective February 1, 1973, and 
March 15, 1973, EPA ordered the removal or replacement of the defeat devices 
from more than 2,000,000 vehicles to be manufactured by General Motors, Ford, 
Chrysler and American Motors." Vehicles with defeat devices manufactured 
prior to those dates were not required to be recalled for elimination or replace- 
ment of the defeat devices. 

Ford, which is misleading the public in a grass roots campaign for weakening 
the Clean Air Act,' has the worst record for illegal activities under the Clean 
Air Act. In addition to installing illegal defeat devices, Ford shipped 200,000 
1972 models to its dealers before EPA approved their emission control systems 
in clear violation of the Clean Air Act and EPA's implementing regulations. 
This knowing violation resulted in a $10,000 fine—a mere nickel a car. Perhaps 
encouraged by the government's failure to meaningfully jienalize Ford in 1971, 
Ford massively cheated on their emission control certification tests in 1972. 
When this criminal violation of the Clean Air Act was discovered. Ford success- 
fully bought ofl" criminal prosecution and potential jail sentences for its respon- 
sible officials by paying a seven million dollar fine with Justice Department 
approval.' 

•That is a partial background of the Industry which seeks further delays in 
meeting the 1975 HC and CO emission standards, the industry which asks the 
public to continue breathing the excessive HC and CO emissions from motor 
vehicles with resultant damage to the public health. How much credibility can 
be given to the auto Industry which has not stopped at legal means to advance 
Its own interests? Very little, I suggest. 

On the other hand, EPA has testified that the technology is clearly available 
to meet the original 1975 HC and CO emission standards. The National Academy 
of Sciences (NAS) In Its February 1973 report on motor vehicle emissions sup- 
ports EPA's position. The smaller manufacturers from the less monolithic 
foreign auto industry have proven it with alternatives to the traditional Internal 
combustion engine. 

•On May 18. 1971, ConirresBman Burton Inserted In the ConKresslonal Record the confi- 
dential memorandum of the U.S. Department of Justice recommendlnc to the Attomej' 
General that criminal charges he brouRht acalnst American automobile manufacturers for 
conaplrlne to restrain the development of a pollution-free motor vehicle. A copy of thU 
document l» submitted for the hearing; record. 

' A copy of the consent decree Is siikmltted for the record along with the Justice Depart- 
ment prega release on the decree and Mr. Ralph Nader's letter of September 15, 1969. tr 
Assistant Attorney Generi>l Richard McLaren crltlclilnp the consent settlement, 

"Copies of EPA orders are submitted for the record. 
• Copies of a Ford speech In Portland, Oregon, and an exemplary analysis thereof are 

submitted for the record. 
' Copies of relevant Justice Department documents are submitted for the record. 
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Sulfuric add emissions 
Confronted with this documentation of technological feasibility, many op- 

]>onen(s of the statutory motor vehicle emission standards are creating problems 
rather than resolving them to forestall the application of tl>e emission standards. 
An earlier example was the domestic manufacturers' allegation that the Honda 
CVOC engine would not work in large U.S. cars. Faced with this U.S. accusation 
Instead of e.vi>erimentation, Honda was forced to convert a 350 cubic inch Impala 
to CVOC technology and meet the interim 1976 standards. The latest example is 
the sulfuric acid emis.iion controversy which could and should be resolved by 
removing sulfur from gasoline. 

Sulfuric acid or sulfate emissions from catalyst e<iuipped motor vehicles are due 
to the oxidation of contaminant sulfur (S) in gasoline. Oxidation of S to sulfur 
dioxide (SOi) and sulfur trioxide (SOs) in internal combustion engines has been 
known and studied since at least as early as 1950." If oxidation of S proceeds only 
to SOi, then no sulfuric acid or sulfates are formed ; merely SOi and possibly 
sulfurous acid (H»SOt). If S oxidation goes to SOs, then sulfuric acid is produced 
by the reaction SOs+HiO—HtSOi. Sulfates are merely the salts of sulfuric acid. 
Even if only SO. is emitted from a motor vehicle, sulfuric acid is eventually 
produced in the atmosphere for some of the SOj is oxidized to SO> through 
subsequent chemical reactions. 

Although susijended sulfates which are formed from sulfuric acid are thought 
to \ie the most harmful of the sulfur oxides (SO,) pollutants, there is no ambient 
air quality standard for susjiended sulfates nor will there be one for the next 
two to three years.' The existing ambient standard api)lles only to SOt. EPA is 
reluctant to take a firm iiosition on sulfates from auto emissions without an 
ambient standard for susjK'nded sulfates. If nothing else, this controversy points 
out the Immediate nee<l for a su.sjjended sulfate standard. 

The data on sulfuric acid or sulfate emissions from motor vehicles are scattered 
and are only now being extensively gathered and evaluated. Most data are based 
on gasoline with 0.04% added by weight. Actual gasoline S content varies with 
unleaded gasoline having S levels two to three times Imver than leaded gasoline. 
Since a catalyst equipped vehicle u.ses unleaded gasoline, it will emit 
less S products than a vehicle using leaded gasoline. Actual sulfate 
emissions depend upon the sulfate conversion efficiency (the percentage of S 
converted to sulfates or sulfuric acid) of the particular vehicle but low S gaso- 
line clearly lowers sulfate emissions in comparison to high S gasoline. (This has 
been confirmed by Dr. William Balgord of the New Tork State Department of 
Environmental Conservation who reports virtually no sulfate emissions from his 
catalyst equipped vehicles which are run on leadfree Amoco premium gasoline.) 
Ironically, the highest sulfate emitting vehicle is the diesel since It has the 
highest sulfate conversion efflciencv (up to S>0%) and usually high S dicsel 
fuel.'" 

Sulfate emissions from catalyst equipped vehicles range from 0.0001 grams/ 
vehicle mile (g/vm) for General Motors vehlcels on 0.02% S fuel to 0.09 g/vm 
(aged catalyst) to 0.18 g/vm (fresh catalyst) for Ford-Dow research on 0.067% 
8 fuel. On 0.08% S fuel. GM reports 0.02 g/vm sulfate emissions. After adjusting 
for the S content of the gasoline, the primary difference between Ford and 
General Motors' data Is apparently due to the higher platinum loading on the 
Ford catalyst—the higher the platinum loading, the higher the sulfate conversion 
efficiency and sulfate emissions. In addition, vehicles with aged catalysts (cata- 
lysts with above 500 to 1000 miles) have emission levels about one-half that of 
vehicles with fresh catalysts. Emission ctmtrols for HC and Co on late model 
non-catalyst vehicles can oxidize SOj to SOi with resultant sulfuric acid forma- 
tion. EPA test results from Ann Arbor show 0.03 g/vm on such late model cars. 

Considering all available evidence, catalyst equipped vehicles will emit no more 
than twice the sulfuric acid or sulfates than non-catalyst vehicles. Indeed, cata- 
lyst equli)ped vrhicles may emit less or about the same amount of sulfates as 
non-catalyst vehicles when one considers the .significantly lower levels of S In 
unleaded gasoline. And of course banning catalysts means many times higher 
emLssIons of HC and CO from new motor vehicle.s. 

"M. J. van dpr Zljrlen. van Hlnte. J. E., van dpn Ende. J. C. "SOj and SO« In Exbanst 
QaHPH of InternairomhuKtlon EnclnpK." .t« J. Inst. of Pptrnlpum 561-74 (1950). 

' Environmental Protection ARenev, "Health Conseqiienor« of Sulfur Oxides : Slimmarjr 
and ConcluHloDK Based Upon Chens Studies of 1970-1971." AuKust 15. 1073. 

•"Department of Interior—Biirenu of Mines. "Dlpsel Engines Underpraund. V. Effeet of 
Ralfiir Content of Fuel on Composition of Exhaust Gas," Report of Investlgntora 3713. 

June 1943. 
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If catalysts are put on some 1975 and virtually all 1976 cars and S Is removed 
from gasoline, these cars will not have a sulfate problem and they will have 
significantly lower HC and CO emissions. If catalysts are not put on 1975 and 
later ears, they will have high HC and CO emissions regardless of what is done 
to the S in gasoline. If S is considered a problem for catalysts only, there is 
already sufficient low-S gasoline to begin a phase-in of catalysts in 1975 by 
requiring the gasoline be allocated to catalyst e<iuipiJed vehicles. 

If the catalyst alone presented a health hazard, then it should be barred 
from use until the hazard was removed. The sulfuric acid or sulfate emission 
problem is not presented by the catalyst alone. It is presented by the oxidation 
of contaminant S in gasoline by all late model vehicles. Removal of the catalyst 
will not significantly lower sulfate emission levels from new motor vehicles for 
remaining HC and CO controls will continue to oxidize contaminant S to SO> 
with resultant surfuric acid and sulfate formation. Only removal of S from 
gasoline will eliminate the problem of sulfuric acid or sulfate emissions from 
motor vehicles. 

The breathing public needs the HC and CO standards as soon as possible. 
In 1975 29 Air Quality Control Regions with 43% of the nation's population 
will fail to meet the ambient air quality standards for CO or oxidants (HC). 
Tran.sportatlon controls are necessary to reduce motor vehicle emissions in 
these areas. Further relaxation or extension of the HC and CO emission stand- 
ards means more transportation controls will be imposed. Each additional year 
of relaxation means 10 years of relatively higher polluting vehicles on the road. 
The breathing public will have to l)ear the burden of motor vehicle pollution 
control rather than Detroit where the blame for the pollution and the technical 
expertise to control it lie. If transix)rtatlon controls prove incapable of con- 
trolling emissions, then the public must pay for the difference In terms of illness 
and disease under the auto industry's legislative suggestions. 
1976 oxiden of nitrogen {NO,)  standard 

The statutory 1976 XOx standard, suspended until 1977, stands on different 
grounds from the statutory HC and CO emission standards—the need for this 
standard to enable the achievement of the XOj ambient air quality standard is 
in open dispute. According to former EPA Administrators, some 47 Air Quality 
Control Regions were originally said to be in violation of the standard but now 
there are said to be only two regions in violation. This position is based on the 
assertions that (1) actual ambient XO2 levels are lower than those measured 
by the Federal Reference Method (FRM) and are below the XOs ambient air 
quality standard, and (2) the XOi ambient air quality standard (100 micro- 
grams/cubic meter) is correct even though based on measurements taken by 
the allegedly erroneous FRM in the so-called Chattanooga study." 

Chattanooga study 
The Chattanooga study is a health study conducted on school children In 

Chattanooga, Tennessee which effectively determined the XO2 ambient air quality 
standard. Subsequent to the Chattanooga study. EPA determined that the FRM 
measuring technique used in that study and elsewhere In the country recorded 
levels of XOi about twice as high as they actually were. In current ndemaklng. 
EPA proposes to replace the old FRM measuring technique with a new method 
that should accurately record XOi levels at aiwut half the prior recorded levels. 
Yet EPA has not proposed to similarly reduce the X'Ot ambient standard by 
about half to reflect the more accurate XOi measurement. By changing the 
measuring technique without changing the standard. EPA is in effect proposing 
to about double the NO2 ambient air quality standard without making this 
known to either the public or the Congress. 

EPA apparently contends that the old FRM measuring technique was valid 
in Chattanooga and Chattanooga only. ETP.V has relied on Army and Public 
Health Service data taken at different times and places In Chattanooga by the 
Saltzman measuring technique to contend that the observed FRM XOi levels 
in the Chattanooga study were correct and should not l)e lower. EPA further 

" Shy. C. M.. J. P. Treason. M. E. Pearlman. K. E. McClaln. F. B. Beniion. M. M. Tonng: 
•The ChattanooKa SchoolchUdren Study : Effects of Community Exposure to Nitrogen Diox- 
ide I-II". 
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relied on an unspecified meteorological model, but reported to be a simple 
mathematical model for flat terrains with unwinded conditions valid only to 
within a factor of 2-5, to superimpose the Saltzman measurement technique 
for the FRM in the Chattanooga study. Yet Chattanooga is an area of hills 
and valleys with a single primary XOi source (TNT production by the Volunteer 
Army Ammunition Plant) and Is apparently meteorologically stable for only 
1 or 2 hours i)er day for 50% of the days of the year. Since the Army and Public 
Health Service Saltzman monitors closest to the Chattanooga study FRM 
monitors were at least 0.04 miles away, attempts to equate Saltzman NOs values 
equal to the FRM NOj values observed in the Chattanooga study must fail. 
This position is fully supported by EPA in its earlier NOi Criteria where It 
was observed that: 

"[T]he exact location of the sampling site within each city or general area 
plays a dominent role in determining the concentrations measured. This is 
illustrated by an examination of those locations . . . that have more than one 
station in operation. The levels reported in 1969 by two Denver and two Chicago 
stations show that within any one city the NOj yearly averages can differ by 
factors of 2 to 3, deiwnding on the site." " 
Health effects data 

In considering whether the annual ambient XOs standard of 100 ug/m' should 
be about halved to reflect the error in the measurement technique, one should 
consider all available health data. EPA has not done this to date in its public 
considerations of the N'Oj ambient standard and the NO. motor vehicle standard. 
Perhaps the most glaring example is the omission of the Japanese NOi health 
studies and standard. As indicated In Japan's Air Quality Criteria document 
for oxides of nitrogen, Japan has established that a 24 hour standard of 0.02 ppm 
NO. Is necessary to protect the public health." This standard is several times 
more stringent than the annual 100 ug/m' (0.05 ppm) NOj standard which EPA 
has supported thus far. 

The primary scientific basis for the Japanese standard is the "Six Localities 
Study" in which 2,500 housewives monitored for bronchitis symptoms in six 
Japanese localities In 1970-71 showed .statistically signiflcant increases in symp- 
toms at average NO2 levels above 0.04 ppm. Another Japanese study is presently 
monitoring Tokyo school children for various pulmonary function values as 
correlated with environmental stresses. Initial reports from this study indicate 
average NOi levels of 0.02-O.03 ppm significantly affect the pulmonary functions 
of the children. 

Recent studies by P. M. Sprey of Ehiviro Control show a strong statistical 
as.soclatlon between annual mean NOi levels down to the lowest NO3 levels 
observed (0.03 ppm) and hypertensive heart disease and nephritis. The studies 
also show a somewhat weaker association of annual NOi levels down to 0.03 ppm 
with respiratory and upper gastrointestinal cancers. An earlier Czech study by 
Peter and Schmidt showed high methemoglobln (reduced oxygen carrying capac- 
ity) levels in city school children exposed to NOs levels in the range of 0.01-0.03 
ppm. These extra-pulmonary NO. effects become all the more signiflcant when 
compared to animal XO2 toxlcological studies such as those done by Dr. Russell 
Sherwin that Indicate possible mechanisms for these effects. The toxlcological 
studies as well as epldemlological studies are summarized In Attachment A. 
Attachments B and C present these studies In graph form. 

In view of the serious questions about the Chattanooga study revaluation 
and the additional data on adverse health effects from NO, levels far l>elow the 
present 0.05 ppm annual standard, the ambient NOi standard should be reduced 
by at least one half. 

If the ambient NO2 standard .should be reduced by merely one-half to 50 nz/w? 
(0.0026 ppm) then the statutory 1976 (deferred until 1977) NO. motor vehicle 
emission standard of 0.04 grams \»T vehicle mile is necessary to protect the 
public health. Since the emission standard does not take effect until the 1977 
model year, the NO, standard should not and need not be changed at this time. 

" EPA. NO, Air Quallt.v Bt 10-8. A detnllpd criticism of the EPA position Is contained In 
my July 23. 1973. commentB. a ropy of which Is submitted for the hearing record. 

" A copy la submitted for the hearing record. 

JB-JIS O - H - S* 
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Even accepting the manufacturers' alleged production lead time of two years, a 
legislative decision on the standard need not be made until August 1974. By 
then the NA!S will have finished their evaluation of the ambient NOt standard 
and the need for the statutory NO, emission standard. EPA will have also had 
time to study these issues, evaluate the old and new scientific evidence and make 
their considered opinion. 

In the meantime research and development on NO, motor vehicle emissions 
will continue so that the technology will be available to meet the 1976 statutory 
standards at low cost and good i)erformance if needed to protect the public 
health. This will ijermlt the following conclusion of EPA in suspending the 1976 
NO, emission standards to happen : 

"[T]he technology to achieve '76 statutory emission standards without sacri- 
ficing economy of operation, performance and driveability will probably be 
available in the short term provided research and development continues." 

The recent succes.s of Dr. William Balgord of the New York State Department 
of Environmental Conservation, in meeting the 1975-76 standards for 25.000 
miles with a dual cataly.st 1972 American Matador that had substantially better 
fuel economy than other 1972 American Matadors in the New York State fleet is 
but one example of this developing technology." Take away the 1976 0.4 g/vm 
NO, standard and you will take away the incentive to develop cost-effective tech- 
nology. Even if the 0.4 g/vm emission standard is reinstated when a more strin- 
gent ambient NO2 standard is set, the time lost and the harm to the motor vehicle 
researdi and development effort will be irreparable. 
Industry proposals 

The auto industry and the oil industry have asked that the statutory standards 
be suspended in order to i)ermit a shift to more efficient alternatives to the tradi- 
tional internal combustion engine. The major problem with this proix)sal is that 
the public will pay for any su.si)ension in term.s of health and welfare damages or 
Increased transportation controls. The manufacturers condition any shift to 
alternative technologies upon meeting their own design, fierformance and pro- 
duction goals l)ased on their own evaluation of their own data. These condition 
make any shift to alternatives unenforceable when the manufacturers' goals of 
1977-1980 arrive. 

If Congress wants to shift to alternative technologies as quickly as possible, 
then it needs to strengthen, not weaken. Title II of the Clean Air Act. First the 
useful life of the motor vehicle and its emission control systems should be 
extended to 100,000 miles from the present 50.000 miles. This gives a clear 
advantage to alternatives which continue to meet the emission standards 
throughout their useful life. Second, the recall and warranty provisions of the 
Clean Air Act should be tightened to put those manufacturers who choose to 
make less emission durable vehicles at an economic disadvantage. Failure of 
certain parts such as valves within the useful life of the vehicle should be con- 
sidered per se violations of tlie warranty. 

These changes would put more efficient, low-polluting alternatives in a better 
competitive position within the market place. Already consumers are shifting 
to smaller cars with better gas mileage for economic reasons. Tlie domestic 
manufacturers have responded by producing more small cars and less large cars 
to meet this changed demand. By Increasing the competitive j)osition of more 
efficient, less polluting alternatives, similar market respon.ses will occur. At the 
same time, vehicles will be produced with sufficiently low emissions to meet the 
standards of the Clean Air Act necessary to protect the public health and welfare. 

»On October 25. 1973. the Matador met the 1975-76 standards with the following 
emission results on the Federal Test Procedure : CO—1.77 tr/vni; HC—0.2.S fi/vm ; NO,— 
0.28 B/vni. Unniodlflpd 1972 Matadors in the New York State fleet got 13 mpg while the 
dual catalyst Matador got 16 mpK on the same driving schedule. 
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excess bronchitis and pulmonary 
function decrease In school children. 
Effects said to be at .06-1 ppm 
(1969). Standard set In 1971 based 
on this study. 

ATTACHMENT A—HEALTH EFFECTS' DEFICIENCIES IN THE CUBBENT STANDABD 

Utilized by EPA Available Information Not Utilized 
by EPA 

FULMONABT  EPIDEMIOLOOY 

Only the Chattanooga study indicating 2500 Housewives monitored for bron- 
chitis .symptoms in 6 Japanese cities 
for three months In 1970-1971 showed 
increase In symptoms at levels of 
Noi above .Oi ppm (average value). 
Six localities study. 

Another Japanese study is presently 
monitoring school children for vari- 
ous pulmonary function values as cor- 
related with environmental stresses. 
The preliminary stages indicate that 
average levels of .02-.OS ppm NO, for 
S-6 months significantly affect the 
pulmonary functions of the children. 

J. Kagawa & T. Toyama, "Photochem- 
ical Air Pollution and Its Effects on 
Respiratory Function of Tokyo Ele- 
mentary School Children," Keio Uni- 
versity, Tokyo, Japan. 

PULMONARY  TOXICOLOOICAL   STUDIES 

Reduced resistance to bacterial Infec- 
tion at 0.5 ppm. 

Thomas, H. V., P. K. Mueller, and G. 
Wright. Response of Rat Lung Mast 
Cells to Nitrogen Dioxide Inhalation. 
J. Air PoUut. Contr. Ass., 17: 33-35, 
1967. 

Blair, W. H., M. C. Henry, and R. Ehr- 
Uch. Chronic Toxlcity of Nitrogen Di- 
oxide : II. Effects on Hlstopathology 
of Lung Tissue. Arch. Environ. 
Health, 18: 186-192, (1969). 

Eairllch. R. and M. C. Henry. Chronic 
Toxiclty of Nitrogen Dioxide: I. Ef- 
fects on Resistance to Bacterial Pneu- 
monia. Arch. Environ. Health, 17: 
860-865, 1968. 

Structural changes in lung collagen at 
.25 ppm (may aid In explanation of 
emphysemic changes) for 4 hours/ 
day for 6 days were noted in rabbits. 

Buell, G. C, V. Tokiwa, and P. K. Muel- 
ler. Lung Collagen and Elastin Dena- 
turation In vivo Following Inhalation 
of Nitrogen Dioxide. California State 
Dept. of Pul)lic Health. (Presented 
at the Annual Air Pollution Control 
As.soclation Meeting.) San Francisco. 
Paper No. 66-7, June 1966. 

Changes in lung wash protein levels at 
.4 ppm for one week in guinea pigs. 
This is indicative of damaged lung 
tissue. 

Sherwin, R. P., and D. A. Carlson. Pro- 
tein Content of Lung Lavage Fluid of 
Guinea Pigs Exposed to 0.4 ppm Ni- 
trogen Dioxide. Arch. Environ. 
Health, 27:90-93,  (1973). 
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ATTACHMENT A—HEALTH EFFECTS' DEFICIENCIES IN THE CUBBENT STANDABD— 
Continued 

Utilized l>v EPA Available Information Not Utilized 
by EPA 

EXTBAPTJLMONABT EPIDEUIOLOOT 

None. 
Statistical mortality data indicatiiig 

excess deaths from nephritis and hy- 
pertensive heart disease. Correlated 
with NO2 levels as low as .03-.04 pptn. 

Sprey, P. M., K. Allison, and J. Morton, 
Envlro Control, Inc. A Study of Pho- 
tochemical Pollutants and Their 
Health Effects. To be pubUshed. 

Sprey, P. Health Effects of Air Pol- 
lutants and Their Interrelationships. 
Contract No. 68-01-0471. Submitted 
to the Environmental Protection 
Agency, Washington, D.C. September, 
1973. 

Czech study demonstrating very high 
methemoglobin (reduced oxygen 
carrrying capacity) levels in school 
children living in a city with high 
NOj and low SOj levels. This compares 
to low methemoglobin values obtained 
for children living in a non-polluted 
city. The high NOs city levels are In 
the range of 0.01-0.03 pptn. 

Petr, B. and P. Schmidt.' The Influence 
of an Atmosphere Contaminated with 
Sulfur Dioxide and Nitrous Gases on 
the Health of Children. Z. Gesamte 
Hyg. Grenzgeb. 13: 34-48, 1967. 

EXTBAPtlLMONABT TOnCOLOOY 

Tissue changes In lungs, heart, liver, Increased red blood cell enzymes after 
and kidneys of monkeys at 15-50 ppm exposure of guinea pigs to .36 pptn for 
NOi for 2 hours. 6 days. In dicates cellular damage and 

reduced oxygen carrying capacity. 
Henry,  M. C, R.  Ehrllch, and W. H.   Mensoh, .!., B. .T. Dyce, B. J. Haverbaek, 

Blair. Effects of Nitrogen Dioxide on      and R. P. Sherwin. Dlphosphyogly- 
Reslstance of  Squirrel   Monkeys  to      cerate Content of Red Blood Cells, 
Klebslella     pneumoniae     Infection.      Arch.   Environ.   Health,   27:   94-95, 
Arch. Environ. Health, 18: 580-587,      1973. 
1969. 

Approximate doubling of red cell num-  Two fold Increase In nephritis of aged 
ber with lesser increases in hemato-      rats breathing Los Angeles ambient 
crit and hemoglobin in rats exposed       air compared to filtered air. 
to 2.0 ppm NOa continuously for three 
weeks. 

Freeman, G., et al. The Subacute Nitro-  Gardner, M. B., C. G. Lossll, B. Hanes, 
gen  Dioxide-Induced  Lesion  of the      W. Blackmore, and D. Teebken. Hls- 
Rat Lung. Arch. Environ. Health, 18:       topathologic  Findings  in  Rats   Ex- 
609-612, 1969. posed to Ambient and Filtered Air. 

Arch. Environ. Health, 19: 637-647, 
1969. 

Increased urine protein in guinea pigs 
(indicating renal problems) after ex- 
posure to 0.4 ppm NO« for 4 hours/day 
for one week. 

R. P. Sherwin, University of Southern 
California, to be published. 

»The Petr et al. study U referenced In the Air Quality Criteria for Nitrogen Oxides but 
Is not utilized In conclusary chapter 11 which determines the bounds of the NOi health 
effects. 
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ATTACHMEKT B 

HEALTH 
STUDY 

ICMATTANOOOA   KCSUJ' IF MEISUREO  JACODS-HOCHtlSER VALUES Vtllt 
HALF THE VALUE   USED. THIS 15 THE FACTOR   BY  WHICH   MOST RECIONS 

WERE  DECREASED  AFTER  TME 
CMATTANOOGA STUDY   SHOWING  INCREASING   ACUTE   BRONCHITIS AND THE NEW EPA MEASUREMENTS. 

DECREASED   PULMONARY   FUNCTION 

CURRENT  U.S. AMBIENT AIR  STANDARD (ANNUAL  AVGJ 

JAPANESE    "HOUSEWIFE"   STUDY OF CHRONIC 

BRONCHITIS   SYMPTOMS 

EXCESS   MORTALITY   FROM   HYPERTENSIVE 

HEART DISEASE  8 NEPHRITIS (ENVIRO. CONT'L 

JAPANESE   SCHOOLBOY   STUDY 

ON DECREASED PULMONARY 
FUNCTION 

JAPANESE ST0I2A HR AVOL 

INCREASED 
METMEMOGLOBIN 
LEVELS IN C2ECH 
CHILDREN 

.01 .02 .03 .04 
NOz   LEVEL - ppm 

.05 .06 

LONG TERM EPIDEMIOLOGICAL EFFECTS OF NOJ 

ATTACHMENT C 

HEALTH 
STUDY 
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( LAST T YEARS) 

I 
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r 
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I 
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T DAYS) 0973)  I SHERWIN) 

I 
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DAMAGE   (4HR$/0AY  FOR 
6 DAYS)  lauELL)  II9G3) 

I 
I 

TWO TOLD IVCREA3Z 07 
NEPHRITIS IN RATS 
EXPOSED TO L.A. AMBIKNI 

-MR (LOOSLI) 
(1969) 

I I L 
0 .1 

SHORT   TERM   TOXICQLOGICAL   EFFECTS   OF NO, 

.2 .3 .4 
N02   LEVEL 
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STATEMENT OF DAVID G. HAWKINS, OF THE NATURAL RESOURCES DEFENSE COUNCIL, 
BEFORE THE SENATE CoM^fITTEE ON PUBLIC WORKS—XOVEMBER 6, 1973 

On behalf of the Natural Resources Defense Council I wish to thank the com- 
mittee for its invitation to testify before it this morning. The questions to l>e 
resolved by this committee are simply i)Ut even though their answers involve 
complex considerations. Sliould Congress change the statutory hydrocarl)on and 
carbon monoxide standards applicable to the 1S>76 model year? Should Congress 
change the statutorj' nitrogen dioxide standard applicable to the 1977 model 
year? We submit that Congre.ss should make no changes in these standards. 

I.   HC   AND   CO   STANDARDS 

Regarding the hydrocarbon and carbon monoxide standards the first thing the 
committee should note is that none of the three major auto makers in their testi- 
mony yesterday asserted that the HC and CO standards could not be met by 
model year 1976. Each manufacturer exivres.se<l a differing degree of uncertainty 
about meeting the "1973 interim standards" treated as a unit. However, any diffi- 
culty in meeting tliis set of standards .seems to be as.sociated with meeting the 
NO, standard of 2.0 grams jier mile. It does not apiiear to Ite seriously contested 
that at least the statutory HC and CO standards can be met in model year 1976. 

Ford and Chrysler offer several reasons why they believe these standards 
should not be met in the next few years. The only common ol)jections by Ford 
and Chrysler are first, that these standards are not necessary to protect health 
and second, that there is concern about increased sulphate emissions from catalyst 
equipped cars. All three companies embraced Dr. Arthur Stern's recently pul>- 
lished conclusions that all present auto emis.sions standards are roughly three 
times more stringent than necessary to protect health. As Senator Muskie pointed 
out Dr. Stern's calculations were based on i)resently unprovable assumptions 
different from EPA's. For examine, lower growth rates in future auto emissions 
and no emission control system deterioration in use were a,ssumed l>y Dr. Stern. 
Those who would have us forego the use of available technology based on pre- 
dictions that it will not be needed in the future l)ear a hea^T burden of proot 
that their predictions are accurate. Neither Dr. Stern nor the industry has even 
approached carrying that burden. 

Dr. Stern's mf)st significant assumptions were that EPA's underlying ambient 
air quality standarxls for HC and CO are wrong. Contrary to the as.sertion by 
Mr. Mlsch of Ford, Dr. Stern did not calculate what the auto emissions standards 
should be to meet EPA's present ambient air quality standards. Dr. Stem 
assumed much higher ambient .standards in his exercise. The three major com- 
panies took great pains to stress that they had never criticized the ambient 
standards necessary to protect health. Yet they rely on someone else's study 
which does reject the ambient .standards. Either the companies don't read the 
reports they embrace or they have been less than forthright with this committee. 
As for Dr. Stern, his conclusions that the ambient standards could be higher are 
not supi>opted by the conclusions of the recent NAS conference on health effects 
of air ix)llutants, which found "no compelling basis for suggestions to either 
raise or lower the currently mandatetl primary air quality standards at this 
time." In short, the comi>anie.s' contention that the present emission standards 
are unnecessary to protect health is not supported. Moreover, as Senator Dome- 
nid observed yesterday, given our knowledge of the large contribution of autos to 
our present iKillution levels, the burden should not be on the Congress and the 
public to establish the precise amount of emission reduction required from autos 
before imimsing some controls. 

The problem of sulphate formation in catalyst equipped vehicles is a serious 
Issue which requires prompt resolution. However, we do not think the proper 
resolution of this issue is to stop plans for the use of catalysts as Ford and 
Chrysler imply. Existing data on the scope and intensity of the prol)lem are 
scarce. Measurement techniques are of uncertain comparability. Non-cataly.st 
equipped cars may al.so emit significant levels of hazardous sulfur comimunda. 
Investigations required to resolve this question must include running more tests 
using validated measuring techniques. Roadside ambient concentrations of sul- 
phates should l>e measure<i now. The auto companies mu.st take a substantial role 
in these imiulries. This is not EPA's iirobleni as they would have us infer. The 
Industry chose the catalyst. The industry failed to analyze catalyst exhaust 
gases for sulphur comimunds in the early stages of catalyst research and devel- 
opment even though they contended in EPA suspension hearings that extensive 
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periods of laboratory testing of catalysts were responsible for the alow pace of 
catalyst testing on cars. They now have the gall to attempt to reap the fruits of 
their own negligence by using it as an excuse for continued inaction. This com- 
mittee should insi.st that the manufacturers and EPA rapidly complete research 
to determine the magnitude of the sulphate problem in catalyst and non-catalysrt 
equipiJed cars. Avoidance of tlie prot>lem through removal of sulphur from gaso- 
line and fuel additions is technologically feasible and would appear desirable. 
Preparations to accomplish this should be undertaken now. 

Thus, the principal reasons put forth by Ford and Chrysler to freeze the HC 
and CO standards do not withstand analysis. General Motors does not make a 
serious effort to present any reasons why the statutory standards should not be 
met in 1976. In fact GM's testimony provides compelling reasons why the freeze 
at 1974 standards would be against the public interest. GM testified that it is 
able and prepared to install catalysts on a wide range of its 1975 model year 
vehicles and that a salesweighted improvement in fuel economy of 13% over 
current vehicles will be achieved for the fleet as a whole. However, GM has testi- 
fied that if the 1974 standards are frozen, comiietitlve pressures will force it to 
forego catalysts. Thus if Congress grants Ford and Chrysler's request for a freeze 
of the standards, it will be legislating the introduction of over 5 million GM 
vehicles next year with a 13% poorer fuel economy than is achievable with avail- 
able technology. Given the Nation's present and potential energy shortages this 
is an absurd proposition. 

Several Senators sought assurances that a freeze might produce more inten- 
sive exploration of new powerplant concepts. Little comfort can be drawn from 
the companys' responses. GM Is four-scjuare for catalysts In the foreseeable 
future. Ford testified that the catalyst is "the horse to beat." Chrysler "com- 
mitted" to converting one-third of Its engine production during the 1977 model 
year to a stratified charge engine, but only if the engine should prove to have 
"the best iwssible combination of low emissions, low cost, good reliability and 
easy maintenance, good performance, and Improved fuel economy." Anyone who 
wouldn't jump to produce such a dream car would have to be very stupid. How- 
ever, Chrysler gives us no real as.surance that it will or can make the dream 
come true by 1977. The question arises why can't they search for this dream 
even if the standards are not frozen? Chrysler .says it would then have to commit 
its "full resources to the manufacture and maintenance of catalyst systems." 
Does the company really expect us to supiwrt the idea that the fir.st program 
It should cut back, if It is required to meet present standards, is its alternative 
power source research and development? What about company expenditures on 
styling changes, "improved" air conditioning, flashier upholstery and cari)etlng, 
support for racing, and other frills? Chrysler, a comi>any with over $220 million 
In profits in 1972, will sfjend less than $27 million on emissions in 1973 according 
to a recent staff study done for this committee. This committee should respond 
to the manufacturers' bargaining on the new technology issue by reminding them 
that the public wants both prompt attainment of the standards and exploration 
of promising new technology. 

A freeze of the standards would have a severe impact on the entire State 
imT>lPnientation plan process under the Clean Air Act. The many States with 
severe automotive pollution problems are relying heavily on the statutory emis- 
sion standards to reduce their clean-up jobs to manageable proiwrtlons. The 
States and BPA have worked long and hard to develop far-reaching transiwrta- 
tlon control strategies which assume that the statutory emission standards will 
be met on time. Already burdened State air pollution control agencies will be 
demoralized to the tx)int of resignation and ret»ellion if Congress acts to undercut 
their plans by weakening tlie standards. In .Tuly of this year EPA announced that 
even with transportation controls some 14 major metropolitan areas could not 
meet the amWent air standards necessary to i)rofect health until after 1977. If 
Congress delays the auto emi.ssion standards it will be telling the millions of 
residents of those cities that they must wait even longer before they can expect 
air fit to breathe. 

n.    NO.    STAWDARD8 

The manufacturers claim they cannot meet the statutory NO, standard and 
that EPA doesn't think that the standards is necessary. Regarding the availa- 
bility of technology, the committee .should note first that General Motor's testi- 
mony does not rule out the jiosslbility of their meeting the statutory standard 
in 1977. The company says only that it is "not sure" it can meet the standard. 
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Mr. Cole remarked In an aside that GM is enrrently running cars at 0.4 gnrams/ 
mile NO., the statutory standard. Given GM's previous hard-line jmsition against 
the availalyility of oxidation cataly.st technology only a little over a year ago in 
the spring 1972 EPA suspension hearings, it.s reluctance to take a similarly nega- 
tive stance now on reducing catalysts may lie a welcome signal that jiepliaps tlie 
situation regarding XO. technology is not all that bleak. Confirmation for such 
optimism is provided hy reports that a Xew York State American Motors par 
equipijed with a Gould catalyst is still meeting the statutory standards for all 
three pollutants after 25,000 miles. The companie.'i have another year in which to 
bend their efforts to producing a reliable NO, control technology. Legislative 
relief is not nee<led l)efore January 1975. In short, it is not yet time for this com- 
mittee to reach any conclusions on the availability of NO. technology. A pre- 
mature grant of a delay at this time would remove the incentive for maximum 
efforts during the next year. 

As far as EPA's ix>8ition on the requisite degree of XO, control is concerned, 
It has been very tentative to date. The questions it has raised are based on two 
assumptions : that present ambient levels in most areas of the country are below 
the present NO. ambient standard: and that the present ambient standard Is 
adequate to j)rotect health. The Congress should not be asked to act on the basis 
of EPA assessment of present air quality until the agency has validated a new- 
reference method for measurement of XO. levels. The cities which have XO, 
problems cannot be determined with certainty until that time. EPA first identified 
only Los Angeles and Chicago as definite problem areas. Recent tests indicate that 
Denver, Salt Lake City, Atlanta and Xew York should be added to the list. If 
the list continues to grow any decision to weaken the X'O. emission standards 
might have to be reversed in short order. Moreover, the adequacy of the present 
NO, ambient standard is under scrutiny as a re.sult of the identification of XO, 
as a possible sulphate precursor as well as on the basis of ongoing toxicological 
studies. These questions call for delaying any consideration of weakening the 
NO, emission standard at least until after the XAS has completed its study next 
August. 

In summary, this committee can best discharge its responsibilities by not act- 
ing now to recommend any changes in the statutory auto emissions standards or 
their dates of application. The costs of retrenchment or delay in these standards 
are real, while the benefits of such action are not proven. 

Any future decision to change or delay these standards should be the product 
of a careful and lengthy analysis of complex factual issues. We suggest that the 
present legislation sets forth a mechanism which is more likely to produce a cor- 
rect decision than the present set of hearings which are hanytered by Inadequate 
information and Inadequate numbers of i^rsonnel to assess the information. 
Section 202(b)(4) of the act provides for EPA monitoring of the process of 
compliance with the auto emission standards and calls for a hearing and EPA 
recommendations to Congress should the agency see a possible need for change 
In the provisions of the statute. If the Issues being presented to this committee 
are not resolved by next summer In favor of maintaining the present standards 
and timetable, we proposed that EPA convene a hearing similar to the EPA .sus- 
pen.slon hearings where the manufacturers and others may address all relevant 
issues including thase covered by .section 202(b)(5). EPA would then make a 
recommendation to Congress and Congress would have both the agency's recom- 
mendation and an extensive record underlying it to assl.st the Congress In making 
any decisions regarding changes in the law. 

Mr. ROGERS. Thank yon for your testimony. 
I think it would be helpful to the committee if you could try to 

leather facts for us—^perhaps you have in the rest of your statement— 
showing what would happen if you changed the various parts that 
you say might offer some fuel economy. 

Mr. DiTLOw. Yes. I would be happy to do that. 
Mr. R00ER.S. If you could submit that, it would be helpful. 
[The following information was received for the record:] 

FUEL PKMALTIM CATJSED BY AIR CONDITIONERS AND OTHER ITEMS or OmoxAt 
EQUIPMENT ON MOTOR VEHICLES 

Air conditioning a car caases fuel penalties from 9 percent to 20 percent accord- 
ing to the Environmental Protection Agency. Using a mid-range penalty of 12 
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percent, the air conditioning sales-weighted fuel penalty for the 1972 model year 
was 8.4 percent since 70 percent of all new cars In 1972 were equipped with 
factory-Installed air conditioning. If we conservatively assume that vehicle air 
conditioners are in use from one-third to one-half of the year, elimination of air 
conditioners rather than emission controls would cause a fuel economy gain from 
3.1 to 6.4 percent. If an auto air conditioner moratorium were begun for the 1975 
model year, the Nation could save from 380 to 656 million gallons of gasoline in 
the first year (1.0-1.8 million gallons per day) ; during the 1676 model year 
between 723 million and 1.2 billion gallons could be saved (2.0-3.4 million gallons/ 
day) ; for 1977 the savings would reach 1 to 1.8 billion gallons (2.8-^.9 million 
gallons/day). 

Some auto industry executives have suggested that up to 2.7 billion gallons of 
ga.soline could be saved annually l)y removing emission controls from vehicles- 
in-use. By comparison removal of air conditioners from vehlcles-in-use could save 
up to 3.9 billion gallons of gasoline annually. 

Air conditioning is ju-st one of several equipment changes that can save fuel 
without endangering health. Items such as power sunroofs, power windows, 
power seats, automatic transmissions and vinyl roofs are additional candidates. 
The use of radial tires rather than normal Bias-ply tires can improve fuel econ- 
omy an additional 3 percent. 

CAUSES  OF  FUEL  ECONOMY   LOSBES  ON   AUTOMOBILES 

Fuel economy of automobiles Is affected by many factors. Gasoline-powered 
cars in 1974 exhibit fuel economy variations over a range of 4 to 1, I.e., from 
about 29 mpg to about 7 mpg. The following table identifies the most important 
design factors that govern fuel economy: 

Factor Fuel Economy Impact 
Vehicle weiffht is the most important Fuel economy is directly proportional 

factor. 1974 vehicles range from 2000 to weight. I.e., a 5000 lb car takes 
lbs to over 5500 lbs. Vehicle weight twice as much fuel per mile as a 2500 
has Increased by about 20% since car. About half of fuel economy loss 
1962. since 1962 is due to vehicle weight. 

Air conditioning uses fuel both through 9%-20% fuel economy loss when operat- 
use, and through added weight. ing. depending on temperature and 

Automatic trannmliisions require more      humidity, and on design features, 
fuel, for weight reasons and l)ecau.se   Lo.sses range from 2% to 15%, depend- 
of Internal losses. ing on the tyi)e of transmission. 

Com.pression ratio reduction to permit   3.5% fuel economy loss. 
operation on 91 octane gas. 

Emission control* on 1913/H cars have  On small cars  (compacts and subcom- 
varying Impacts, depending on vehicle      pacts) there is a slight gain In fuel 
weight. economy;  on large cars there have 

been losses ranging up to 18%. Sales- 
weighted average loss for all cars Is 
about 10%. 

Emission controls on 1975 cars, to meet   Estimates of fuel economy gains vary, 
the Federal Interim standards, will      GM estimates average gain of 13%, 
be largely catalytic and will improve      up to 18% on large cars, over 1973/74 
fuel economy. cars.   Ford   and   Chrysler   estimate 

lesser gains. 

Mr. ROGERS. Mr. Satterfield. 
Mr. SATTERFIELD. Mr. Chairman, I do not have any questions of 

Mr. Ditlow exc<?pt for the hist paragraph of his statement that he did 
not read. I just wanted to know what you mean by "the choice must be 
made on limiting auto equipment use to save energj', vote to give the 
public clean air over cold air." 

I do not understand what you mean by that. 
Mr. DtTLow. We mean clean air from the emission controls versus 

cold air from the air-conditioners. 
Mr. ROGERS. Dr. Carter. 
Mr. C.vRTER. Thank j-ou, Mr. Chairman. 
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I notice that you are strong on public transportation, and I agree 
that tliat certainly would help a great deal. More than likely we made 
mistakes years ago when we got rid of our buses and streetcars. 

MI-. DITI>OW. Yes. 
Mr. CARTER. I am glad to see that our Nation is going forward in 

this area. 
Now, of course, you are correct in your statement about air-condi- 

tioners, the weight of cars, and so on. We all realize that. It is going 
to be rather difficult for 70 percent of us at least to get used to it. 

Now, I notice you would ban power windows. Would you also ban 
power brakes and power steering ? 

Mr. DiTLOw. If you decrease the weight of the vehicle, then power 
steering and power brakes are no longer needed because they were put 
on primarily to offset the increase in vehicle weight. 

Mr. CARTER. Well, I think that is true; but do you think they add 
to safety in most cases? Is there not a safety factor there? 

Mr. DiTLOw. There is in the larger vehicles, particularly for the 
fifth percentile pereon who does not have the strength to operate the 
controls. 

Mr. CARTER. Well, I think that there would be a safety factor, be- 
cause it is rather difficult to steer. 

Mr. DiTLow. I agree that it is in some heavier vehicles, but if you 
put power steering on a Volkswagen, you would be in worse condition. 

Mr. CARTER. Thank you. 
Mr. ROGERS. Thank you. 
Mr. Preyer. 
Mr. PREYER. I have no questions. Thank you very much for a good 

statement. 
Mr. ROGERS. Mr. Hastings. 
Mr. HASTINGS. I have no questions either. I just have one correction. 

You talk about on the second page of your testimony that a decision 
with the consequences that would be discussed should be subject to 
more notice than one afternoon of hearings. 

Mr. DiTLOw. When we first read this, there was only one afternoon 
scheduled. 

Mr. HASTINGS. Also bear in mind we had oversight hearings on the 
Clean Air Act in September that were rather extensive. So in addi- 
tion to the 3 rather full days of hearings that we are now having, we 
also had the benefit of those oversicrht hearings in September. 

Not that I disagree with your statement at all, but I just want to 
make sure it is correct. 

Mr. DiTU>w. Yes. And the attachments to my statement were also 
prepared to be submitted at that time. 

Mr. HASTINGS. Thank you very much. 
Mr. ROGERS. Mr. Svmincton. 
Mr. SYMINGTON. Thank you. Mr. Chairman. 
Of course, we have to consider any decision that we make in the 

totality of the impact on the economy and the public health. And I 
take it that the 197.5-76 standards were adopted and su-frflrested not 
in a vacuum of expectation, but in the expectation that a certain 
number of cars are jnroing to be on the road and that standards would 
be affected detrimentally- 
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Now we are told by the Energy Office that they expect a 26-percent 
or 24-percent reduction in the number of cars that will actually 
be driven. And if that is the case, it seems to me that that should be 
factored in to the decision as to the necessity of going forward with 
standards that are based not on a 24-perccnt reduction, but perhaps 
a 50-percent increase given the exponential growth of the car popula- 
tion absent this crisis. 

Have you factored that into your studies? 
Mr. DiTLOW. I have not in the time allowed me, but I suggest you 

just compare the vehicle mile travel reduction required by EPA in 
the implementation plans versus the shortfall in gasoline. You will 
find that in the example of Los Angeles, the gasoline VMT reductions 
pi-oposed by EPA vastly exceed any of the projected shortfalls of 
the Energy Office. So that we will indeed still need transportation 
controls to reduce automobile emissions, even given a shortfall in 
gasoline. 

Mr. SYMINGTON. You are talking about private automobile vehicle 
miles are expected to increase in spite of a 25-percent reduction in 
automobile  

Mr. DiTLOw. No. What I am saying is that EPA has said in Los 
-Vngeles in order to meet the ambient air quality standards by 1977, 
we need something like an 86-percent reduction in vehicle miles trav- 
eled. And if you accept that we will have, say, an estimate of even 
50-perccnt less gasoline or 50-percent less cars on the road because of 
that less gasoline, it will still be exceeded by the 86-percent required 
in Los Angeles. 

Mr. SYMINGTON. Of course, there is a disparate test and criterion 
now between Los Angeles and the rest of the country. Are you sug- 
gesting that we should have the Nation meet the tests necessary for 
Los Angeles? 

Mr. DiTLOw. No. What I am suggesting is there are some 38 regions 
which require transportation control plans; these are most of the major 
urban areas in the country. And I am suggesting if you examine those 
in the time frame given them until 1977, that indeed you will still see 
that you need reductions, in vehicle traffic, despite the gasoline 
shortage. 

Mr. SYMINGTON. All right. 
Thank you, Mr. Chairman. 
Mr. EoGERS. All right. 
Mr.   Heinz. 
Mr. HEINZ. Mr. Chairman, I thank you. I have no questions for the 

witness. 
Mr. ROGERS. Dr. Roy. 
Mr. ROY. NO questions Thank you, Mr. Chairman. 
Mr. ROGERS. We are very grateful to you for being here. Thank you. 

If you would let us have that information, that would be helpful. 
Mr. DiTLOw. Yes. 
Mr. ROGERS. This concludes the hearings. I think the committee will 

want to get together if we can this afternoon. We will touch base with 
you to see what may be possible, depending on what the full committee 
does. We will try to notify offices. 

Thank you so much. The hearing is concluded. 
[The following letters were received for the record:] 
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ASHLAND On., INC., 
Ashland, Ky., December S, 197S, 

Hon. PAUL G. KOGEBS, 
Chairman, Subcommittee on Pithlio Health and Environment of Bouse Com- 

mittee on Interstate and Foreign Commerce, Washinffton, D.C. 
DEAK CONGEESSMAN ROGEBS : Ashland Oil is in agreement with the recent piu- 

posals that additional burning oils can be manufactured by minimizing gasoline 
production. Most catalytic cracking units can operate satisfactorily at 50% ol 
capacity, thereby Increasing burning oil production by as much as 15%. Most of 
this additional production will be heavier than \o. 2 fuel oil but certainly could 
be adapted to be used in industry in a relatively short period of time. If addi- 
tional fuel oils are manufactured from cat cracker charge, three things must 
be considered: 

(1) In order to maintain general refining economics the fuels produced 
must be priced on parity with gasoline. 

(2) Because of the reduction of high octane blending components from the 
cat cracker, the lead phase-out program must be deferred until the energy 
proiblems are solved. 

(3) Sulfur limitations must be relaxed because the cat cracker feed Is 
generally higher in sulfur than the Xo. 2 fuel oil that Is produced In most 
rciflneries. 

The enclosed memorandum goes into more detail covering generally the opera- 
tion of an oversimplified refinery we think typifies most domestic (derations. 

Cordially yours, 
ROBERT E. YANCET, 

President. 
NOVEMBER 23, 1973. 

Memorandum. 
From : Robert E. Yancey. 
Subject: Maximum refinery heating oil yields at expense of gasoline. 

The gasoline shortage is less critical at this time than the shortage of fuel and 
other beating oils. It has also been projected that the Government could dictate 
what products are to be made from a refinery within the limits of its cai>ability. 
Recent questionnaires have been circulated as to how much additional fuel oils 
can be manufactured by minimizing the production of gasoline. If we oversim- 
plify a typical domestic refinery, it consists of three basic units—a crude distilla- 
tion unit including a vacuum unit, a catalytic reforming unit, and a catalytic 
cracking unit. In the crude distillation process four primary products are pro- 
duced. These are (1) the overhead product straight run gasoline, wblch includes 
cat reforming charge, (2) kerosene and virgin gas oil, which go primarily Into 
diesel fuel, home heatlni? and other Industrial uses, (3) catalytic cracking charge 
stock, and (4) asphalt or residual fuel oM. 

About 30% of crude oil is overhead product, about 20% Is kerosene and virgin 
gas oil, about 15% Is residual fuel oil and asphalt, and the balance (approxi- 
mately 35%) is catalytic cracking charge stock. Again, this Is an over-sin»i>llfi- 
cation since many crudes have a different yield from distillation, but on balance 
this should be near average for most conventional U.S. refineries. Therefore, the 
only major source of additional fuels for Industry and utilities Is the 35% cata- 
lytic charge stock and that portion of the 15% bottoms which could be processed 
Into No. 6 fuel oil Instead of the normal a-iiphalt. It should be noted that asphalt 
Is generally high in sulfur content and requires about 50% No. 2 fuel oil as diluent 
to make viscosity spec on No. 6 fuel oil. 

Because of the configuration of most refineries, it is not practical to shut down 
a catalytic cracking unit completeily. However, most of these plants could be 
operated without dlflJculty at something In the neighborhood of 50% capacity. 
This, then, would allow an additional 17.5% of the total crude breakdown to be 
made available for distillates In the range of No. 3, Xo. 4, No. 5. and residual 
fuel oils. These products would not be as desirable as Xo. 2 fuel oil, but most 
Industry—faced with shutdown—could be equipped within a short period of time 
to handle such fuels. 

The poor octane number of the gasoline from this proposed refining operation 
will be approximately 95 with 3cc tetraethyl lead tier gallon. The pool octane 
required Is 94.2, assuming 80% regular at 93 octane and 20% premium at 99 
octane. 
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The main reasons for refineries to operate maximizing cat cracker feed are: 
(1) Yields maxlmDm gasoline which, because of market demand and Cost 

of Living Council regulation, is tiie highest priced product produced in any 
volome in the refinery. 

(2) The cat cracked gasoline is the highest octane pool component going 
into finished gasoline l)lends. 

If additional fuels are manufactured from the cat cracker charge stock arail- 
able, three things must be considered: 

(1) The fuels produced must be priced on parity with gasoline. 
(2) Because of the reduction in high octAne gasoline blending components, 

the lead phaae-out program would of necessity have to be deferred until the 
energy problems are solved. 

(3) Sulfur specifications must be relaxed because catalytic cracker feed- 
stocks are generally higher in sulfur than other distillate fuels. 

If we are to maintain the type of business activities that we have all enjoyed 
over the last several years, we must protect American business preferentially. 
Even before the embargo, It was apparent that certain restraints on the use of 
gasoline had to be exercised because of the overall shortage of refining capacity 
In the United States and, for that matter, the entire world. Certainly to maintain 
the vitality of American Industry, Americans' use of gasoline must diminish. 

The automobile industry has been the chief offender in causing the increased 
use of energy. The Clean Air Act of 1970 has also contributed to the critical 
shortages we now face. Rather than debate the pros and cons of gasoline as it 
pertains to emissions, I think a much more serious matter is the lack of fuel to 
continue the type of industrial development the United States has enjoyed in the 
pe»t years. The only source of these fuels for the short term is, of course, to 
Increase fuel oil yields at the expense of gasoline. The extent of this possibility 
las not been fully evaluated, but I'm sure that given the incentive the refiner 
can increase his total fuel oil production in the form of No. 2, No. 3, No. 4, and 
No. 6 fuel oils by a minimum of 15%. However, to make a satisfactory quality 
gasoline the high octane components normally derived from the cat cracker will 
have to be substituted for by the continued use of tetraethyl lead. Therefore, 
the lead phase-out program must be delayed until adequate crude oil and refining 
capacity are available to meet the entire energy needs of the Nation. Also, sulfur 
regulations must be relaxed in order to maximize all fuel oil production. 

NATIONAL PABKINO ASSOCIATION, 
WatMnffton, D.C., December i, 1973. 

Hon. PAUI. G. ROOERS, 
Raybum Houte Office Buildtng, 
Bouse of Repretentativet, Wathington, D.C. 

DEAR MB. CHAIRMAN : National Parking Association is the trade aasociation 
representing the commercial, off-street parking industry in the United States 
and twelve foreign countries. Our members make up approximately eighty-five 
per cent of the commercial parking industry. I am writing this letter to express 
our members' strong opposition to the White House plan to further delay Imple- 
mentation of automobile emission standards. 

On September 21 of this year, National Parking Association presented written 
testimony to your Public Health and Environment Subcommittee advocating a 
twelve-point program for achieving cleaner, healthier air In our cities, with less 
harm to the economic base of metropolitan areas than some proposals advanced 
by the Ehivironmental Protection Agency. One of the points in our program read: 

"We encourage the fastest possible development of a pollution-free automobile 
engine." 

We still support this. 
Unfortunately, in the Administration's long-delayed crash program to deal 

with severe energy shortages, it has chosen to "take it easy" on the primary 
source of pollution and depleted gasoline supplies—the automobile engine. 

It is our understanding that the EPA Is currently calling for a reduction of up 
to thirteen per cent in vehicle miles traveled in the Washington, D.C. area alone. 
This is to reduce the amount of vehicle emissions polluting the air in and around 
the nation's capital. If, however, the emission standards scheduled for compliance 
In 1975. are delayed until ISO, the VMT reduction in this area would almoa* 

HV 
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double; a reduction of almost twenty-five per cent. According to the D.C. Motor 
Vehicles Division, this would eliminate at least 380,000 trips every day. 

It seems to many of us in auto-related industries, that allowing the manufac- 
turers a further delay in meeting their standards while imposing more strict 
traffic and parking regulations on others is treating the symptoms, not the cause. 

At best, the White House assumptions on the effect of the catalytic converter 
on fuel economy are questionable. Even General Motors, the giant of the auto- 
mobile Industry, and not exactly what one would call the strongest environ- 
mentalist organization around, has said not only that its catalysts can meet the 
present standards, but will Improve performance and fuel economy. You and the 
committee heard testimony yesterday from EPA Administrator Russell Train 
that, indeed, the catalytic converter could produce a fuel economy bonus ot 
between five and thirteen per cent over 197^-74 levels. 

National Parking Association realizes the need for some of EPA's transporta- 
tion controls and we have no wish to argue for the status quo when we know that 
the air must be cleaned up. We are being hit hard by certain EPA regulations for 
some of our largest cities and we think we are reacting responsibly and realis- 
tically. Our members cannot sit on their hands, however, while the car makers 
get delay after delay and auto-related industries get pushed closer to the brink 
of financial disaster. St6ck in some of our publicly owned companies has ^um- 
meted by as much as eighty per cent under the threat of heavy parking 
restrictions. 

We believe the delay in meeting emission standards could signal great danger 
to the public health if the White House amendment delay idea is enacted. As you 
and 'the committee members know, the "primary" air quality standards are set 
just high enough to protect health and life Itself. These primary standards could 
be ominously threatened in many areas If the manufacturers are not required to 
install catalysts and other pollution devices at least on the presently required 
schedule. 

Frankly, Cmigressman, it comes down to this: The more delays allowed in 
meeting emLssion standards, the harder it's going to be on millions of drivers 
who will be hit by possibly doubled transportation restrictions, and the tougher 
it's going ft be for many downtown businesses to survive. This is to say nothing 
of the detrimental effects further delay would have on the public health. 

National Parking Association has had occasion to disagree with Mr. Train over 
some EPA controls in the pmst. In this Instance, however, we fully concur with 
Mr. Train's recommendation that no changes be made in the automotive emission 
standards at this time. 

I thank you for your attention, urge your strong consideration of these views, 
and ask that this statement be placed in the record of the subcommittee hearings. 

Sincerely, 
NOBENB   DANN   MABTIN, 

Executive Vice President. 

[Whereupon, at 10:10 ft.m., the hearing was adjourned.] 
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